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ABSTRACT 
Seed l ing emergence , surviva l  and growth o f  gray 
mangrove Avi cenni a  marina ( Forssk . )  V ierh . were stud ied 
i n  r e l a t i on to d i f ferent envi ronment a l  factors through a 
ser i es o f  exper iments conducted at i ndoor low 
temperature , outdoor shaded and f ie ld areas at the Mar ine 
Resources Research Center , Umm Ai Qaiwa i n . No emerge nce 
occurred when seeds were sowed i n  s a l i n i t i e s  equa l to or 
h igher than 60 ppt . Seed l ing surviva l  rate decreased 
wi th increas i ng sa l in ity at both i ndoor and outdoor 
exper imenta l s ites . Faster seed l ing growth rates were 
observed under outdoor shaded cond it ions than under 
i ndoor l ow temperatures . Resu lts o f  f ie ld stud ies on a 
s l op ing beach indicated that the seed l ing surv iva l was 
l im ited to a landward d i stance o f  about 5 meters from 
s eawater l ine , whereas on a f lat beach the surviva l  o f  
seed l ings wa s observed u p  t o  about 1 9  meters f rom 
seawater l ine . Mangrove seed l ing surv ival growth rates 
decreased w i th d i stance from the seawater l ine in s lop i ng 
and f lat beaches due to the i ncrease i n  sa l i n ity and 
depth of ground water . H i gher ch lorophy l l  content of the 
mangrove l eaves were encountered in outdoor l ocat ion than 
i n  i ndoor l ow temperature area . I n  the f ie l d , the l e a f  
ch l orophy l l  content o f  mangrove seed l ings decreased i n  
i 
the outward d irect i on from the seawater l i ne . Roots 
cont a i ned more moi sture than stems or leaves . Mo i sture 
content of roots , stems , and leaves decreased with an 
increase in s a l i n ity of the seed l ing growing med ia i n  
indoor areas a nd w i th i ncreas i ng d i stance from seawater 
l i ne in the f ie ld. In a l l  ana lysed s o i l  samp les , more 
than 9 3 %  sand was found in the f ie ld study area ; whereas 
sod ium , potass ium and c a l c ium carbonate were the dom inant 
chem i ca l  const ituents o f  the sed iment . 
i i  
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Mangroves are trees or bushes that u sually grow 
between h igh spr i ng t ides and mean sea level .  There are 
a bout 55 spec i e s  o f  mangroves belong i ng to 2 1  genera and 
13 f am i li e s  ( Ghowa i l  e t .  ale 1 9 9 3 )  o f  wh i ch around 4 0  -
4 5  spec i e s  occur i n  South East As ia ( Clough , B.F. 1 9 9 3 ) .  
Chapman ( 1 9 7 5 )  i nterpreted that mangroves ,  as  a group , 
or i g i nated pr imar ily in the I ndo-pac i f ic region. 
Mangroves occupy about 1 6 0 , 0 0 0  Km2 world wide ( Saenger 
e t .  ale 1 9 8 3 )  and assoc iated estua r i es and coastal 
lagoons 8 3 , 0 0 0  Km 2 ( Kapetsky 1 9 8 5 ) .  The most common 
genera i n  the mangrove world are Rhizophora and Avicennia 
( Chapman. 1 9 7 7 ) . A. marina ( Forssk.) Vi erh. comes under 
cla s s  Dicotyledons , Sub cla s s  Gamope t alae , Series 
Bicarpellat ae o f  order Lamiales ,  Fam i ly Avicenniaceae , 
Genus Avicennia and spec i e s  marina ( Pandian , M. 1 9 9 0 ) . 
The most luxuriant and d i verse mangrove commu n i t i e s  are 
found in the hum i d  tropical and subtrop ical reg ions of 
the world. Mangroves are use ful vegetat ion in a many 
ways as they protect the shores from sea eros ion , provide 
good breed i ng and nursery grounds for f i sh and many 
1 
crustaceans,  used by triba l s as hous ing mater i a l s , f ire 
wood , charcoa l and fodder for a n ima l s . Mangrove swamps 
are cons idered produc t i ve ecosystems i n  wh ich the rate o f  
primary product i v i ty i s  h igh a nd trees contr ibute energy 
to detr i t a l  bas ed mar i ne food webs ( Herald 1 9 6 9 , Odum and 
Hera ld 1 9 7 2 , Odum e t . al . 1 9 8 2 , Tw i l ley e t . al . 1 9 8 6 ) . 
Mangroves a l so serving a s  a good areas for bees to 
produce honey . Hea lthy mangrove ecosystems appear to be 
more product i ve than sea grass , marsh and most other 
coa s t a l  systems ( Odum , e t . al . 1 9 8 2 ) . Gol ley e t . al . 
( 1 9 6 2 ) reported the mangrove ecosystems produce a net 
pr imary production o f  9 3 0  g m-2 yr-J based on CO
2 
exchange 
rates . Noakes ( 1 9 5 5 )  est imated that wood product ion o f  
a n  i nten s ive ly managed Ma layan mangrove forest w a s  3 9 . 7  
metr i c  ton ha-J yr-J .  Teas ( 1 9 7 9 )  suggested a wood 
production of 2 1  met r i c  ton ha-J yr-J for a mature non 
managed red mangrove forest i n  South F lorida , as  he 
obta ined h i s  c a l cu l at ions from a l itter/ tota l b i omas s  
r e l a t i on sh ip . L i  tter fa l l  i s  an important ecosystem 
proc e s s  because it forms the energy bas i s  for detritus­
based food webs i n  mangrove swamps . Accord i ng to Hera ld 
( 1 9 6 9 ) , Odum e t . al . ( 1 9 7 5 )  a l so found that l itter 
product ion from r iver ine red mangrove forests in South 
F l or ida was e s t imated to be 2 . 4  m-2 day-J dry g of organic 
matter ( or 8 . 8  met r i c  tons ha-J yr-J) . Odum e t . al . ( 1 9 7 5 )  
2 
also f ound that 9 %  only of the original dry we ight of the 
l i tter rema ined a fter f our months in sea-water. Herald 
et . al . ( 1 9 7 9 ) , Lugo et . al . ( 1 9 8 0 )  found that black 
mangrove (Avi cenni a  germinans ) leaves decompose more 
rap i d ly than red mangrove ( R .  mangl e )  leaves and 
apparently produce a h igher percentage of d i sso lved 
organ i c  matter. 
Accord ing to Collette ( 1 9 8 3 ) many species of 
f i shes move into mangroves at a part icular stage i n  the ir 
li f e  h i story - usually as j uven i les , and the succes s  o f  
f i sher i e s  i n  many trop i c a l  regions may be c losely t i ed to 
the hea lth o f  mangrove swamps wh i ch serve a s  important 
nursery grounds for many spec i e s  such as Snappers 
( Lu t j a n idae ) , j acks ( Carangida e )  and mUll ets ( Mug i lidae ) .  
S nedaker ( 1 9 7 8 ) est imated that more than 9 0 %  o f  mar ine 
spec i e s  in some regions are found i n  mangrove swamps 
dur i ng one or more per iods of the i r  li f e  cyc les. Much o f  
t h e  producti v ity o f  mangrove swamps i s  based on orga n i c  
detritu s  o f  mangrove or i g i n  ( Odum and Herald 1 9 7 2 , 1 9 7 5 )  
rather than on phytop lankton or sea grasses. Collette 
( 1 9 8 3 )  after survey i ng the f i sh commun i t i es i n  1 4  
mangrove swamps i n  northern Australi a ,  Papua New Gu inea 
and I r i a n  Java reported the presence o f  over 2 0 0  spec ies 
from 58 fam i l i es. Accord ing to his data , the 1 2  families 
most commonly observed i n  the mangrove swamps stud ied 
3 
were Hemiramph idae , Gob idae , Apogon idae , Tetradont idae , 
B l enn idae , Lut j an idae , Oph i chth idae , Eleotr idae , 
Pomacentr idae , Amba s s idae and S iganidae . He has a lso 
ca l cu lated that many f ishes of econom i c  importance spend 
part of the i r  l i f e  cyc les in mangrove swamps . 
I n  Arabian Gu l f  area , quite recent ly the mangroves 
seem to have attracted the attent ion of agr icultur i sts , 
mar ine s c i e nt i st s  and coasta l deve lopment author i t i e s . 
The common spec i e s  o f  mangrove found a long the coasts of 
the U n i ted Arab Emi rates ( U . A . E . ) i s  A. marina wh i ch is 
a ls o  k nown a s  gray mangrove . Accord i ng to Ha lwagy e t . 
al . ( 1 9 7 2 ) and Z ahran ( 1 9 7 4 ) , A .  marina may be the only 
mangrove spec i e s  present i n  the Arab ian Gu l f  area . Th i s  
spec i e s  genera l ly grow about u p  to seven meter i n  he ight 
( Raba n a l  e t . al . 1 9 7 8 ) . Prom i nent mangrove c o l o n i e s  
exh ib i t i ng hea l thy l uxur i ant growth a r e  present a long the 
shores , nearshore i s l ands and lagoons o f  Abu Dhab i , Umm 
Al Qaiwa i n , Khor Ka lba and Ras Al Kha imah whereas only 
scanty growth o f  th i s  spec ies i s  observed i n  A j ma n  and 
certa i n  parts of Duba i . Concern i ng the survey conducted 
by the un ited Nat ions Deve lopment Program ( UNDP ) , the 
Un i t ed Arab Emi rates has got about 3 0 0 0  ha o f  mangroves 
( Raba n a l  e t . al . 1 9 7 8 ) . 
Mangrove a f forestation program i s  one o f  the 
proj ects i n i t i ated by the M i n i stry of Agr icu l ture and 
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F i sher i e s  of the Government o f  U . A . E . for the protect ion 
o f  the coast li ne and development o f  f i sher i e s  and 
f i shery resources o f  the country . S i nce large scale 
var i a t i on s  are obse rved i n  Oceanographi c  and 
c limatolog ical cond i t ions of the U . A . E , the present work 
i s  a imed to i nvest igate seedling emergence and changes i n  
t h e  growth parameters o f  A .  marina as i n f luenced by the 
temperature , s a li n i ty and the d i stance from the sea shore 
line . such s tudy is s ign i f icant as no previous work has 
been done on the e f fects of environmental con d i t i ons on 
the surv ival and growth o f  A .  marina i n  the U . A . E . 
The seed emergence and seedling growth stud i e s  were 
conducted at indoor low temperature and outdoor shaded 
cond i t i on s  through four experiments ( Exper iments 1 to 4 ) . 
The s e  exper iments were a imed at invest igat i on o f  the 
e f fects of s a li n ity and temperature on the emergence and 
growth o f  A. marina under two d i f ferent envi ronmental 
cond i t ions . S imultaneously , stu d i e s  were a lso made i n  
t h e  f ield wh i ch were compr i s e d  two exper iments ( Exp . No . 5  
and 6 )  on a s lop i ng beach and one exper iment ( Exper iment 
No . 7 )  on a lmost a f la t  beach near the dra i n  area of f i sh 
culture ponds i n  the Mar ine Resources Research Centre , 
Umrn Al Qa iwa in . These f i eld exper iments were i ntended to 
study the e f f ect o f  environmental aspects such as 
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d i stance from seawater l i ne , ground water sa l i n ity and 
depth of water table on the seed l ing growth and surviva l . 
The exper iments are summar i z ed i n  Table 1 whereas 
F i g . 1 i s  the i ndex map showi ng the area of the f ie ld 
stud i e s  at Umm Al Qa iwa in .  
CLIMATI C  COND ITIONS 
The c l ima t i c  cond i t ions a long the un ited Arab 
Emi rates coa s t a l  z one is arid and character i z ed by h igh 
t emperature , scanty prec i p i tat i on , h igh relat ive humid ity 
rates , h igh potent i a l  rates of evaporat ion , and l ow 
moderate w i nd speed . The mean max ima and mean m i n ima 
values of a ir temperature , relat ive humi dity and annu a l  
ra i n f a l l  f o r  Umm A l  Q a iwa i n  are shown i n  Tabl e  2 .  Hot 
weather ( mean max imum a i r  temperature > 3 5 ° C )  preva i l ed 
from June to September . Re lat ive humid ity i s  usua l ly 
h igh ( mean max imum r e l a t ive humid ity > 8 5 % ) for most o f  
t h e  year . W i nd data for Umm Al Qaiwa i n  stat ion ind i cated 
a mean w i nd speed o f  7 . 5  Km/ hr dur ing 1 9 9 1  ( Cl imate data , 
M i n i stry o f  Agr i cu l ture and F isher ies 1 9 9 3 ) . The 
preva i l i ng l ow energy wind encourages the deve l opment of 
dew and fog in ar id coasta l environment such as that of 
UAE . Dew i s  an e f f ective e l ement in such arid cond i t i ons 
to wash out the s a lt s  accumu lat ing on mangrove leaves and 
a l so to feed the s o i l s  of mangrove w i th some fresh water 
at n ight , e spec i a l ly dur ing hot dry summer ( Embabi 1 9 9 3 ) . 
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Fig. 2. Schematic diagram showing the transects 
of seedlings in the Field Experiments No.5 
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Fig. 3. Schematic diagram showing the wells made on 
the sloping beach for the measurement of the 
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Fig. 4. Schematic diagr am showing the twenty-thr ee 
lines which were sown with about sixty 
mangrove seeds per line of experiment No. 7 
on a flat beach. 
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Table 1 .  The summary of the exper iments . 

















Indoor Seed l ing 
growth 
Outdoor Seedl ing 
growth 
Slop ing beach " Seed l ing 
( 2  transects ) survival 
and growth 
Slop ing beach w ith respect 
( 3  transects ) to d i stance 
from sea 
F l a t  beach water l ine 
Days 
2 9  
2 0  
1 3 0  
1 2 8  
1 3 8  
3 7 7  
3 2 6  
( 2 3  transect s )  and water table" 
1 1  
starting 
date 
1 9 - 0 9 - 1 9 9 3  
1 9 - 0 9 - 1 9 9 3  
1 8 - 1 0 - 1 9 9 3  
1 8 - 1 0 - 1 9 9 3  
2 4 -0 9 - 1 9 9 3  
1 4 - 0 9 - 1 9 9 2  
1 - 1 0 - 1 9 9 2  
Ending 
date 
1 8 - 1 0 - 1 9 9 3  
9 - 1 0 - 1 9 9 3  
2 5- 0 2 - 19 9 4  
2 3 - 0 2 - 1 9 9 4  
0 9 - 0 2 - 1 9 9 4  
2 6 - 0 9 - 1 9 9 3  
2 2 -0 8 - 1 9 9 3  
Table 2 .  Nonthly mean max imum and mean minimum values of 
climatolog ical parameters in Umm A l -Qaiwa in 
( 1 9 8 5 - 1 9 9 1 )  : Air temperature O C  = AT o C ,  surface 
temperature ° C  SWT o C ,  relat ive humidity 
water 
RH% , 
surface water salinity in ppt = SWS , water d isso lved 
oxygen in ppm = WOO , mean surface w i nd ( 19 9 1 )  , Km/ hr = W .  
AT O C  RH% 
Month Max . Min . Swt o c  Max . Min . SWS WOO W 
Jan 2 2 . 9  14 . 5  2 0 . 0  9 0  4 9  4 0 . 1 5 . 5  8 . 7  
Feb 2 3 . 2  1 5 . 6  19 . 6  8 5  5 0  4 0 . 4  6 . 5  1 0 . 3  
Mar 2 5 . 6  1 7 . 8  2 4 . 4  8 6  4 5  4 0 . 0  6 . 4  6 . 4  
Apr 2 8 . 9  2 0 . 8  2 8 . 0  8 7  3 6  3 9 . 9  5 . 8  8 . 7  
May 3 3 . 5  2 4 . 2  3 0 . 0  9 0  3 7  4 1 . 4  5 . 6  12 . 0  
Jun 3 5 . 9  2 7 . 0  3 2 . 4  8 3  3 9  4 1 .  6 5 . 8  1 0 . 5  
Jul 3 7 . 8  2 7 . 0  3 3 . 2  8 5  4 3  4 2 . 0  5 . 8  8 . 3  
Aug 3 8 . 1  3 0 . 3  3 3 . 4  8 7  4 7  4 2 . 5  5 . 0  9 . 7  
Sep 3 6 . 1  2 7 . 7  3 2  . 1  8 8  4 3  4 2 . 4  4 . 3  9 . 9  
Oct 3 3 . 1  2 9 . 4  3 0 . 4  8 6  4 1  4 1 . 7  4 . 0  7 . 5  
Nov 2 9 . 4  2 0 . 1 2 5 . 0  8 7  3 8  4 0 . 6  5 . 8  8 . 2  
Dec 2 5 . 1 1 6 . 7  1 9 . 5  8 5  4 2  3 9 . 4  6 . 6  8 . 7  
Data source: Climatol og i c a l  data , M i nistry of Agr iculture 
and F isheries , U . A . E .  ( 1 9 9 3 ) , and technical 
report No . 9 ,  F i sheries Department , M i n i stry 
o f  Agr iculture and f i sheries , U . A . E .  
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Tabl e  3 .  Ra i n f a l l  data for Umm Al Qa iwa in stat ion . 
Year Tota l annua l ra i n fa l l  ( rom )  
1 9 8 1 3 2 . 9 
1 9 8 2  28 5 . 4  
1 9 8 3  1 1 7 . 2  
1 9 8 4  3 9 . 1  
1 9 8 5  1 6 . 4  
1 9 8 6  5 8 . 0  
1 9 8 7  1 0 3 . 9  
1 9 8 8  1 7 3 . 7  
1 9 8 9  1 7 3 . 5  
1 9 9 0  1 1 4 . 5  
1 9 9 1 8 3 . 3  
Average 1 0 8 . 9  
Data co l lected at Mar i ne Resources Research 
Centre , M i n i stry of Agr i cu l ture and F i sher i es 
Umm A l  Qaiwa in ,  un ited Arab Emirates . 
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For e l even years ( 1 9 8 1 - 1 9 9 1 )  the average annua l rainfa l l  
for Umm A l  Qa iwa i n  was 1 0 8 . 9  rom ( Table 3 ) . 
OCEANOGRAPH I C  COND I T I ON S  
There are many lagoons o f  vari ous or i g i n s  a long the 
coast of UAE . Many o f  these lagoons are sem i -c l osed by 
bar r i er i s lands wh ich protect the coast from h igh waves , 
on- shore w inds a nd strong t ida l currents . A typ i c a l 
examp le i s  the Umm Al Qa iwa in lagoon a long the west coast 
o f  UAE . F ine part i c l e s  o f  s i l t  and sand that enter the 
l agoon by t ida l currents are a l lowed to sett l e  down on 
the bottom o f  the lagoons and a long the coast l ine . Such 
cond i t i on s  usua l ly favour the growth of mangroves .  Loca l 
d i str i but ion o f  mangrove i n  UAE l agoons i s  f ound to be 
assoc iated w ith she ltered intert ida l f lats character i sed 
by l oose muddy to sandy s o i l s ,  not r i s i ng more than 2 m 
above low t ide , d iurna l tide w ith speeds not exceed i ng 
0 .5 knot and underground water seepage ( Embab i  1 9 9 3 ) . 
Oceanograph i c  parameters of the nearshore waters p l ay a n  
important r o l e  i n  the deve l opment o f  mangroves a long the 
coast of UAE . Tab l e  2 g ives the month ly va lues o f  water 
parameters observed at surface layers i n  Umm Al Qaiwa i n  
l agoon dur i ng 1 9 8 2 . Average surface water temperature 
ranged from 1 9 . 6  to 3 3 . 4 ° C ,  surface water s a l i n ity from 
3 9 . 4  to 4 2 . 5  ppt and surface water d i s s o lved oxygen from 
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4 . 0  to 6 . 6  ppm i n  Umm Al Qa iwa i n  lagoon ( A l i  and Cherian 
1 9 8 3 )  . These ranges are quite suitable for mangrove 
growth . Le ith and Barth ( 1 9 8 3 ) reported that mangrove 
can grow when t emperatures in the root z one are kept 
be low 5 0 ° C .  H igh water temperatures can be l im i t i ng for 
mangrove growth . Mc M i l lan ( 1 9 7 1 )  reported that 
seed l ings o f  b l a ck mangrove ( Avi cenni a  germinans ) were 
ki l l ed by temperatures of 3 9 ° C to 4 0 ° C a l though 
estab l i shed seedl ings and trees were not damaged . H i gh 
temperature t o lerance range for adu l t  mangroves i s  not 
we l l  known . Yet i t  i s  suspected that water temperatures 
i n  the range 4 2  to 4 5 ° C may be l im i t i ng ( Odum et. al . 
1 9 8 2 ) . S a l i n ity o f  lagoon water i s  h i gher than that o f  
nearshore waters i n  U . A . E ( R i fat Al i a n d  Thomas Cher ian 
1 9 8 3 )  . I t  i s  reported that an i nd iv i dua l mangrove 
spec i e s  u t i l i z e s  a var i ety of mechan i sms to ma i nta i n  
su itable s a l t  ba lance ( Albert 1 9 7 5 )  wh ich cou ld b e  s a l t  
excret i on . 
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CHAPTER II 
CHAPTER I I  
REVI EW OF LITERATURE 
Substantia l amount of work was reported on d i f ferent 
a spects o f  mangrove s . On a wor ldwide bas is d i st r i but ion , 
d iver s i ty and z onat ion o f  mangrove vegetat ion have been 
descr i bed by many authors ( Macnae 1 9 6 8 , Wa l sh 1 9 7 4 , 
Chapman 1 9 7 6 ,  Semen i uk 1 9 8 3 , Ruwa 1 9 9 3 ) . A i r  temperature , 
ocean currents , protect ion , sha l low shores , s a l t  water 
t id a l  range and muddy substratum are bas ic requ i rements 
on wh ich mangrove formation depends ( Dagar . e t . al . 
1 9 9 3 ) . Chapman ( 1 9 7 5 )  ind i cated that the nature o f  
mangrove z onation depends on t ida l movements , s o i l  type , 
s a l t  contents o f  s o i l  and water , and l ight . Wa i s e l  
( 1 9 7 2) reported that mangroves do not sat i s f actor i ly 
deve lop i n  regions where the annu a l  average temperature 
is b e l ow 1 9 ° C .  Lugo and Zucca ( 1 9 7 7 ) s tud i ed the impact 
o f  l ow t emperature stress on F lorida mangroves .  Excess ive 
h igh temperature may be important constra i nt t o  a 
succ e s s f u l  estab l i shment o f  mangroves . cra ighead ( 1 9 6 4 )  
reported that areas where temperature may exceed 4 3 ° C 
rema i n  barre n . Temperature over 3 7 ° C i nh i b i ted root i ng 
o f  b lack mangrove . Exposure to temperatures o f  3 9 - 4 3 ° C 
for 4 8  hours causes the death of rooted but stem l e s s  
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seed l ings ( Mc M i l lan 1 9 7 1 ) . Accord ing to Mc M i l lan ( 1 9 7 1 )  
h igh water temperature cou ld be a l imit ing factor for 
mangrove growth . Toml i nson ( 1 9 8 6 )  stated that the upper 
l im i t  of s a l i n ity hard iness of any mangrove tree spec i e s  
i s  9 0 - 1 0 0  ppt . Soto a n d  J imenez ( 1 9 8 2 ) reported that 
some mangrove spec i e s  were able to grow on a sa l in ity as 
h igh as an annua l average o f  1 0 0  ppt , w ith max imum up to 
1 5 0  ppt . The mechan i sm of sa lt exc lus ion i n  cert a i n  
mangrove spec i e s  w a s  stud ied i n  deta i l  by Scho lander 
( 1 9 6 8 ) .  S a l t  secret ion processes i n  some spec ies were 
invest igated by Schol ander ( 1 9 6 8 ) and Atk inson e t . al . 
( 1 9 6 7 )  . About 4 0 % o f  the i ncoming sa lts were removed 
through secret ion at the l e a f  and s a l t  exc lusion rates o f  
7 8 - 8 6 % were reported i n  A .  marina . A l though current 
understand ing o f  mangrove peats and so i l s  is fragmentary 
and o f t en contradi ctory , mangrove ecosystems appear to 
f l ou r i sh o n l y  on muds and f ine gra ined sands ( Odum e t . 
al . 1 9 8 2 ) .  Mangrove vegetat ion promotes sed iment 
accret ion and one spec ies prepares the way for another 
( Watson 1 9 2 8 ; Rosevear 1 9 4 7 ; B a n i j batana 1 9 5 8 ; Kuenz ler 
1 9 7 4 ) .  Sever a l  stud i e s  regarded mangroves to be ' makers 
o f  land ' ( Curt i s  1 8 8 8 ; H itchcock 1 8 9 1 ;  Ph i l ips 1 9 0 3 ; 
Vaughan 1 9 0 9 ; Davi s  1 9 3 8 ; Stephens 1 9 6 2 ) .  Wa lsh ' s  ( 1 9 6 7 )  
who worked on mangrove swamp i n  Hawa i i  documented the 
tendency o f  mangrove roots to act as a consumer o f  oxygen 
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a nd a s i nk for nutr ients . A s imi lar v i ew was supported 
by Carter e t . al . ( 1 9 7 3 ) . Detr itus from r iver i ne a nd 
f r i nge mangroves are an important source o f  energy for 
adj acent trop i c a l  coa sta l lagoons ( Odum e t . al . 1 9 8 2 ; 
Boto 1 9 8 2 ; Tw i l l ey e t . al . 1 9 8 6 ) . Only a sma l l  part of 
the mangrove production i s  consumed d irectly by organi sms 
( Hera ld 1 9 7 1 )  a nd o ften more energy and mater i a l s  are 
f lowi ng through detr itus food webs than through gra zer 
food webs ( Sch leyer 1 9 8 6 , Mann 1 9 8 8 ) . The funct iona l 
attr i butes o f  mangrove forests i n  r e l a t i on to 
envi ronme nt a l  grad i ents have been stud i ed by many 
invest igators ( De La Cruz and Benaag 1 9 6 7 ; S nedaker and 
Lugo 1 9 7 3 ; Go l l ey e t . al . 1 9 7 5 ; Chr i stensen 1 9 7 8 ; S u z uk i  
and Tagawa 1 9 8 3 ; Woodr o f f e  1 9 8 2  and 1 9 8 5 ) . The spec i e s  
d i str ibut ion a n d  phys iognomy of mangroves seems to be 
d irectly re l ated to land form and substrate condit ion 
( Ma l l  e t . al . 1 9 8 7 ) . Mangroves w i th greater t id a l  
act ivity a n d  water turnover have greater l itter fa l l  than 
mangrove in the areas w i th stagnant water ( Poo l e t . al . 
1 9 7 5 )  . 
I n  U . A . E ,  stud i e s  on mangrove are quite few . 
Western ( 1 9 8 9 )  ment ioned mangrove tree as one of the 
spec i e s  grow i ng in the habitat o f  some t i d a l  lagoons 
between Tar i f  a nd Abu Dhabi , near A I -Rams a nd a t  Khor 
Ka lba . Mangrove growth was reported i n  some prev ious 
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work on oceanography , eco logy , geomorphology and 
sed imentat ion a long ma i nl and shore l ines of Abu Dhabi 
where i t  occurs on intertida l f l ats ( Purser and Evans 
1 9 7 3 ; Evans e t . al . 1 9 7 3 ) . Abd-As-Sa l am ( 1 9 7 8 )  i n  h i s  
study o n  the pattern o f  c l imate and vegetat ion i n  U . A . E ,  
not i ced that mangrove trees grow on the intertidal f l at s  
o f  A I -Q i rm i s land , t h e  southern coasts o f  the As-Syn iyah 
I s land i n  Khor Umm Al Qaiwa i n  ( F ig . 1 ) , the coasts of 
Abu-AI -Abyad i s l and , Halat Al Bahra n i , Khor Ghanadah , the 
coasts o f  Ras Al Kha imah , the area between Al Rams and 
Khor A I -Khuwa i r  a nd Khor Ka lba . Le ith a nd Barth ( 1 9 8 3 ) 
carried out some laboratory and f ie ld exper iments i n  
Osnabruck ( G ermany ) and Abu Dhabi to test the 
environmen t a l  cond i t ions o f  mangrove growth . More 
recent ly the geograph i c a l  d i str ibution of mangroves was 
stud i ed by ( Embab i  1 9 9 3 )  u s i ng land sate l l ite images and 
topograph i c  maps , wh i le the m icrobenth i c  i nvertebrates 
a s soc iated w ith the mangrove A. marina a long the east 
coast o f  the U . A . E were surveyed by I sma i l et. al . 
( 1 9 9 3 ) . 
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CHAPTER III 
CHAPTER I I I  
MATERIALS AND METHODS 
COLLECTION OF MANGROVE S EEDS 
Seed s  o f  gray mangrove A .  marina become r ipe a nd 
s u i  table for sow ing dur i ng September - October . Norma l ly 
the seeds do not stay long on the trees , they start 
f a l l ing o f f  r i ght a fter r ipening when the color of seed 
coat turns ye l l ow .  Matured seeds cou ld be col lected only 
for two months a year ( September and October ) for 
emergence and growth . I n  the present study , seeds were 
co l l ected from 6 - 8  year old trees grow i ng near the 
dra i nage area of the f i sh culture ponds o f  the Mar ine 
Resources Research Centre at Umm Al Qaiwa i n . Hea l thy 
seeds with u n i form s i z e  were se lected . The seeds had a n  
average l ength of 3 . 2  cm , average w idth o f  2 . 7  c m  a nd 
average we ight o f  7 . 2  g .  
EXPERIMENT N O .  1 
S EED EMERGENCE STUDI ES 
( I ndoor l ow temperature cond it ions : 
Average a ir temperature 1 9 ± 1 ° C ) 
Round p l a s t i c  conta iners o f  5 6  cm d i ameter , 1 5  cm 
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height were emp loyed for seed emergence stud i e s . Each 
conta iner was f i l l ed w i th test s o lut i on ( water ) having 
sa l i n i t i e s  o f  0 . 5 , 1 0 , 2 0 ,  4 0 ,  6 0 , 8 0 ,  or 1 0 0  ppt wh ich 
were equ iva lent to 0 . 0 1 2 5 , 0 . 2 5 ,  0 . 5 , 1 . 0 ,  1 . 5 ,  2 . 0  or 
2 . 5  t imes seawater s a l i n ity , respect ive ly . The l eve l of 
s a l i n ity o f  the s o lution was measured by u s i ng S a l i n ity 
Refractometer ( Aqua f auna B io-Marine , I n c . CA USA) . Each 
sa l i n ity l eve l was represented by f our repl icates . 
Each conta iner carried ten l iters of test s o l ut ion 
and f i fty soaked seeds of A. marina . The conta iners were 
p l aced i n  an a i r-cond i t i oned room having a temperature of 
1 9 ± 1 ° C .  Test cont a i ners were g iven a cont i nuous supp ly 
o f  l ight from a mercury vapour lamp ( average i l l umination 
2 2 0 0  lux ) f ixed at a height o f  25  cm above the culture t o  
t e s t  f o r  a pos s i b l e  good nursery . The number o f  seed l ings 
freed f rom the seed coats were observed da i ly as a f i rst 
s ign o f  emergence and recorded for each conta i ner . The 
shedded s eed coats were removed to keep the s o lution 
c lean . Water propert i e s  such a s  PH , water tempe rature , 
d i sso lved oxygen , e l ectr i c a l  conduct ivity ( EC )  a nd 
turbidity were measured once dai ly u s ing a water checker 
( Mode l U . 7 ,  Hor iba , Japan) as shown i n  Append ix I .  The 
water in the test conta iners was changed when the l eve l 
o f  d i s so lved oxygen i n  the water was reduced . Water was 
exchanged w i th newly-prepared test so lut ions hav i ng the 
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same s a l i n ity l eve l s  as used before . The water exchange 
was carr i ed out every ten days when the d i ssolved oxygen 
va lues dropped be low 2 . 5  ppm . Seed l ing emergence 
occurred when the two lobes of ' cotyl edon ' open , the 
' ep icoty l ' appears w i th ' p l umu l e ' at the upper s ide and 
' hypocoty l ' produced rad i c l es from the l ower s ide . Da i ly 
observa t i ons were carr i ed out and the number o f  the 
emerged seed l ings i n  each conta iner was recorded . 
EXPERIMENT NO . 2 
S EED EMERGENCE STUD I ES 
( Outdoor shaded cond i t ion : Average a ir temperature 1 9 ± 1  
t o  2 8 ± 4 ° C )  
A second set o f  seven round p la s t i c  conta i ners 
havi ng the same d imens ions as those o f  the expo N O .  1 was 
used for the seed emergence under shaded cond i t i on s . The 
same procedure was f o l lowed as above and the s a l i n ity 
l eve l s  were f i xed as mentioned for the f irst exper iment . 
No art i f ic i a l  l ight was used under f ie ld condi t i ons . The 
area was open to free natura l a i r  f low and natura l 
ambient cond it ions and shad ing was preva l ent throughout 
the experiment . The average a i r  temperature was 2 8 ± 4 ° C  
dur i ng day t ime and 1 9 ± 1 ° C  a t  n i ght , r e l a t ive hum i d ity 
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was measured to be 7 0 ± 2 0 %  and the average day t ime l ight 
intens ity was 2 0 0 0  lux . Observa ti on s  were taken da i ly on 
the s eeds w ith shedded seed coat which were recorded for 
each sa l in ity l eve l . Measurements o f  pH, water 
temperature , d i s so l ved oxygen , conduct ivity and turbi d i ty 
were taken da i ly ( Appendi x  I I ) . The shedded seed coats 
were removed from the exper iment a l  conta iners to keep the 
water c l ean . The exchange o f  water was done w i th the 
same s a l i n ity l eve l , whenever found necessary as 
mentioned in EXp . 1 .  
EXPERIMENT NO . 3 
S EEDLING GROWTH STUD I ES 
( I ndoor low temperature cond i t ions )  
S e ed l i ng s  w i th u n i form s i z es were used a fter 
seed l i ng emergence for subsequent growth s tud i e s  under 
i ndoor low t emperature cond it ions . Fresh s a l ine 
so lut i on s , havi ng 0 . 5 , 1 0 , 2 0 ,  4 0 ,  6 0 , 80 and 1 0 0  ppt 
were prepared . I n  th i s  exper iment , transparent j ars w ith 
1 1  cm d i ameter , 2 6  cm he ight and 3 . 9  l iters capac ity were 
used as cu lture cont a i ners . Each j ar was covered w i th 
p l a s t i c  coated net frame of 0 . 5 " mesh , each was ho l d i ng 
5 seed l i ngs . S eed l ings were kept upr i ght w i th roots and 
hypocoty l immersed in the test so lut ion . The cu l ture 
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s o lu t i ons were aerated cont i nuou s l y  ( aeration rate 6 2  
m l j sec ) from an a ir compressor us ing cap i l lary tubes and 
control va lves . Each treatment was represented by four 
j ars ( 2 8  j ars for a l l  s a l i n ity leve l s ) . Growth 
cond it i ons were s im i lar to those app l i ed for the s eed l i ng 
emergence i ndoor exper iment . 
Three observat ions were recorded on the 6 ili, 6 4 ili a nd 
lJOili day from seed l i ng subj ect ion to d i f ferent s a l in ity 
l eve l s . Shoot he ight , tot a l  number o f  roots , maximum 
root l ength , number of l eaves , l e a f  area at the second 
node , number o f  branches a nd weight o f  the who l e  p lant 
were recorded for each p l ant in each j ar and the average 
va lues were c a l cu lated . stat i s t i c a l  ana lys i s  was carr ied 
out us i ng ana lys i s  of var iance for any s ign i f icant 
d i f f erence between s a l i nity l eve l s  a nd stages o f  growth 
and the i r  interact ion for each growth parameter.  Water 
parameters l ike pH , water temperature , d i s so l ved oxygen , 
conduct i vity and turbid ity were recorded da i ly ( Append i x  
I I I )  . 
EXPERIMENT NO . 4 
S EEDLING GROWTH STUDI ES 
( Outdoor shaded cond i t ion ) 
Homogeneous seed l i ngs were used for seedl ing growth 
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stud i e s  i n  the outdoor shaded area , f o l low i ng the same 
procedure as that in the i ndoor low temperature 
cond i t ions . 
rep l i cates . 
Each treatment was represented by four 
Observat ions were recorded on days 3 ,  1 7 , 6 3  and 1 2 8  
for seedl ings subj ected t o  d i f f erent s a l in ity leve l s . 
Shoot he ight , number o f  roots , max imum root length , 
number o f  l eaves , l e a f  area at the second node , number o f  
branches and p lant we ight were recorded f o r  each p lant i n  
each j ar a nd the average va lues o f  four samp l e s  were 
calcu lated . Da i ly mea surements o f  pH , water temperature , 
d i sso lved oxygen , conduct ivity and turbid ity were carried 
out u s i ng a water checker (Append i x  I I ) . 
EXPERIMENT NO . 5 
F I ELD STUDI ES ON SLOPI NG B EACH 
( Seeds sown on two transects ) 
Exper iments were carr ied out on a s loping bea ch 
( 4 . 5 % s lope ) near a dra i nage area o f  the f i sh culture 
ponds o f  the Mar ine Resources Research Centre , Umm Al 
Qa iwa i n  to a s s e s s  the seed l i ng emergence , surviva l and 
growth o f  A .  marina . Mangrove seeds were sowed at a depth 
o f  one cm and o f  10 cm spac i ng on two transverse l ines to 
the shore l i ne from low water l ine extend ing upwards to 
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a d i stance o f  5 m ( F ig . 2) . Th i s  exper iment was conducted 
a l ong w i th the i ndoor and outdoor contro l led exper iments . 
Observat ions included seed l ing emergence , number o f  
seed l ings survived , shoot he ight , number o f  leave s , l e a f  
a r e a  a n d  number of branches . Data were col lected a fter 
the 9 6� and 1 3 8� day o f  the experiment and the averages 
were ca lculated . 
EXPERIMENT NO . 6 
F I ELD STUDI ES ON SLOPI NG BEACH 
( Seeds sown on three transects ) 
The second exper iment conducted on the same s loping 
beach near the Mar ine Resources Research Centre , Umm A l  
Qa iwa i n  wa s by sow i ng mangrove seeds on three para l le l  
l ines start i ng from l ow water l ine a nd extend ing upwards 
to a d i stance o f  1 0  meters from the shore l ine . The 
three l ines were perpendi cu l a r  to the shore l in e  ( F ig . 
2) . Seeds were sowed at a depth o f  one cm on thes e  l ines 
every 10 cm i nterva l ( 1 0 0  seeds for each l i ne ) . On a 
l ine para l le l  to the three l i nes , seven we l ls were d i gged 
at a spa c i ng o f  about 1 . 5  m .  Each was provided w ith 2 0  
cm d i ameter polyvinyl ch lor ide ( PVC ) p ipes f i xed 
vert i ca l ly to a depth reach ing the ground water even at 
a l ow t ide . The s e  p ipes were proj ected for 1 0  cm above 
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so i l  surface to protect we l l s  from sand dr i ft dur ing h igh 
t ide . Th i s  f i e ld exper iment was protected from the 
outs ide interference by an appropr i ate fence . 
Observat ions were recorded on seed l i ng emergence . 
Most o f  the emergence took p lace within 2 0 - 2 5  days from 
sow i ng . I rr igation was app l ied once da i ly for only one 
week from sow ing . Thereafter no water was prov ided and 
t id a l  movement was the only source of water supp l y . 
Seedl i ng growth was recorded by measu r i ng shoot he ight , 
number o f  l eaves and branches at i nterva l s  for a per iod 
o f  3 7 7  days . The average va lues o f  the data from the 
three l ines were used to compute the f in a l  averages for 
every one meter interva l from the sea water l in e  upward . 
Measurements o f  water table a nd water parameters such a s  
t emperature , s a l i n ity , d i ssolved oxygen , pH , conduc t i v i ty 
and turbidity were made from ' we l l s ' throughout the 
growth p e r i od ( Append i x  IV) . Depth o f  water table was 
taken as the d i stance between the ground l eve l and 
surface l eve l o f  the ground water ( F ig . 3 ) . 
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EXPERIMENT NO . 7 
F I ELD STUDI E S  ON FLAT BEACH 
( Seeds sowed on 2 3  transects 
para l l e l  to the shore l ine ) 
Mangrove s eeds were sown on 2 3  transects para l le l  to 
the coa st l i ne on a lmost a f l at area o f  the beach ( 2 . 2 5 % 
s lope ) . Each l ine was 1 3  meters long and the d istance 
between the adj acent l ines was one meter ( F ig .  4 ) . The 
f irst l i ne represented the mean sea-water l ine . Seeds 
were sown at 2 0  cm apart on each l ine at a depth o f  one 
cent imeter from the so i l  surface . The borders o f  the 
exper imenta l area were protected by means of an 
appropr iate fence . Seed l ing emergence and the i r  surv i va l  
rates were recorded per iod i ca l ly throughout one year 
per i od . 
MOI STURE CONTENT OF SEEDLING PARTS 
Four p lant samp l e s  were col lected at random from 
each l i ne and washed thorough ly , bl otted , then exc i sed 
i nto three parts ; leaves , stem and roots . Each part was 
we ighed separately by means of a prec i s i on ba lance 
( accuracy 0 . 0 1 g)  to determ ine the fresh weights . The 
samp l e s  were dried in an a ir-driven oven at 8 0 ° C to a 
constant dry we ight . The percentage moi sture content was 
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c a l cu lated for each part o f  the p lant grow i ng at 
d i f ferent d i stances from the seawater l i ne . 
S O I L  MOI STURE CONTENT 
A suitable amount of top so i l  ( 0 - 6  cm ) was co l lected 
u s i ng a n  a l um i num can ( vo l ume 1 8 5  cm3) , to measure its 
moi sture content . Seven s o i l  samp les were c o l l ected from 
the m i dd l e  l ine of the s loping beach and 6 9  ( 3  from each 
l ine ) from the f lat beach area . Samp les were we ighed 
immed i ate ly and the i r  wet we ight were determ ined . The 
samp les were then spread on a luminum f o i l  str ips a nd 
heated i n  a i r-dr iven oven at 1 0 5 ° C  to a constant we ight . 
The f i n a l  dry we ight wa s measured and the percentage o f  
mo i sture content was calculated . 
S O I L  ANALY S I S  
S o i l samp l es co l l ected from the f ie ld s tudy areas 
were d r i ed properly under sun l ight . The gra i n  s i z e  
d istr i bution o f  sediment samp l e s  were determ ined by 
standard methods o f  Day ( 1 9 6 5 ) . Dr i ed sed iment samp l e s  
w e r e  pas sed through 2 mm mesh and ana lys i s  o f  the 
phys i c a l  and chem i ca l propert ies were carr i ed out 
f o l l ow i ng the standard procedures . Phosphorus was 
ana l y z ed us i ng spectrophotometer DU- 7 0  B eckman U . S . A 
( 1 9 8 8 ) ; sodium and potass ium were determi ned by means o f  
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a F lame Photometer 4 1 0 ( Corn ing ) U . K . Copper , I ron , and 
Z inc were measured u s i ng an Atom i c  Absorpt ion 
Spectrophotometer AA 1 4 7 5  Series ( VARIAN ) swi t z er land . 
Ca l c ium carbonate was determined gravimetr i ca l l y ,  wh i le 
c a l c ium and magnes i um were determ ined by us ing T itrat ion 
method . N i rogen ana lys i s  was not carr ied out because of 
some techn i c a l  d i f icu l t ie s . 
WATER ANALYS I S  
Water samp l es col lected from the test conta iners o f  
d i f ferent s a l i n ity med i a  used i n  i ndoor and outdoor 
exper iments as we l l  as those from the f i e l d  areas, a nd 
' we l l s ' at the exper iment a l  s ite were ana lysed for the i r  
chem i c a l  compos it ion . Hard iness , sod ium , c a l c ium, 
magnes i um , pota ss ium and iron were measured us ing I CP 
P lasma 4 0 0  instrument ( I nduct ive ly Coup led P lasma , Perk i n  
E lmer , U .  S .  A . ) f o l low ing the f i ltrat ion a n d  d i lution 
procedures . Sulphate , ch l or ide , nitrite , f luoride, 
phosphorus and carbonate were ana lysed us ing I r on 
Chromatograph CMA - 2  ( D ionex , U . S . A . ) .  
CHLOROPHYLL ANALYS I S  
Tota l chlorophy l l  was measured i n  the fresh leaves 
o f  A. marina from the survived seedl ings under d i f ferent 
sa l in ity l eve l s  u s i ng the method descr ibed by A l l en e t . 
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ai. ( 1 9 7 4 ) . Samp les were extracted w i th aqueous acetone , 
trans ferred into ether and measured at the opt ica l 
dens it i e s  ( o . d . ) of 6 4 3  and 6 6 0  nm and u s i ng UV 2 1 0 1  BC 
Spectrophotometer , Sh imad z u , Japan . Tot a l  chlorophy l l  
( TC % )  wa s ca lculated u s i ng the f o l low i ng formu l a : 
TC ( % )  
C x ether solution x a cetone extract 
1 0 4 x acetone a l iquot x samp l e  we ight 
where C 
From TC , ch I a 
Tota l chlorophy l l  i n  ether s o l ut i on 
( mg / l )  = 7 . 1 2 x o . d  at 6 6 0  nm + 1 6 . 8  x o . d  
at 6 4 3  nm . 
and ch I .  b were ca lculated us ing the 
f o l l ow i ng equat ions : 
Ch I .  a = 9 . 9 3 x o . d ( 6 6 0  nm ) - 0 . 7 7 7  x o . d ( 6 4 3  nm ) 
Ch I .  b 1 7 . 6 0 x o . d ( 6 4 3  nm ) - 2 . 8 1 0  x o . d ( 6 6 0  nm ) 
A l l  water parameters were checked a s  shown i n  
Append i x  V .  




EXPERIMENT NO . 1 :  Seed Emergence Stud i e s  ( I ndoor low 
Temperature cond i t ions ) 
The rate o f  seed coat shedd ing o f  mangrove seeds was 
very s l ow i n  i ndoor low temperature area . The t ime taken 
for 1 0 0 %  shedd i ng o f  seed coat i n  0 . 5  to 4 0  ppt s a l i n ity 
l eve l s  was 1 3  days a fter sowing ( Table 4 ) . The shedding 
o f  seed coat i n  6 0  ppt s a l i n ity was 2 8 %  wh i l e  i n  s a l i n ity 
l eve l s  80 ppt and 1 0 0  ppt , the shedd ing rate was a s  l ow 
a s  4 %  dur i ng the same per iod . Emergence o f  seeds started 
in i ndoor l ocation from 2 0  to 28 days a fter sow ing . 
I n i t ia l ly , the seeds i n  lower s a l i n it i e s  germ i nate faster 
than those i n  h igher s a l i n i t i e s . At the end o f  the 
experiment , however , 7 6 % o f  seeds germ i nated in 4 0  ppt, 
7 4 %  i n  0 . 5  ppt , 5 0 %  i n  10 ppt , 4 0 %  i n  2 0  ppt s a l i n ity and 
no seeds germinated i n  sa l i n i t i es h igher than 4 0  ppt 
s a l i n i ty ( Ta b l e  5 ) . 
EXPERIMENT NO . 2 :  Seed Emergence Stud i e s  ( Outdoor 
shaded cond i t i ons ) 
Re lat ively q u i cker seed coat shedd ing was observed 
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Tab l e  4 .  Seed coat shedd ing ( % )  at d i f ferent sa l i n i t i es 
i n  exper iment No . 1 l ocated at i ndoor low 
temperature cond it ion with average a i r  
temperature 1 9 ± 1 ° C ,  ( n=5 0 , sowing date 1 9 / 9 / 9 3 ) .  
S a l i n ity Leve l s  ( ppt ) * Days 
After 
Sow i ng 0 . 5  1 0  2 0  4 0  6 0  8 0  1 0 0  
1 2 6  1 8  1 8  1 2  2 0 
2 3 6  2 2  2 2  2 6  6 0 
3 4 2  3 4  3 0  3 4  1 8  2 
4 4 4  3 8  3 2  4 4  2 8  2 
6 5 8  4 2  5 0  6 0  2 8  4 
8 7 6  4 6  6 8  6 4  2 8  4 
9 8 6  5 6  7 8  6 6  2 8  4 
1 0  9 6  7 0  8 0  6 6  2 8  4 
1 1  1 0 0  8 8  9 4  9 2  2 8  4 
1 3  1 0 0  1 0 0  1 0 0  1 0 0  2 8  4 
* The percentage o f  seed coat sheddi ng decreased w i th 
the increase i n  the sa l in ity l eve l s . 











Table 5 .  Seed emergence ( % )  at d i f ferent s a l i n i t i e s  i n  
Days 
After 
Sow i ng 
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
exper iment No . 1  l ocated at 
temperature cond i t ion w i th 
i ndoor 
average 
temperature 1 9 ± 1 ° C ,  ( n=5 0 , sow i ng date 
1 9 / 9 / 9 3 ) . 
S a l i n ity Leve l s  ( ppt ) 
0 . 5  1 0  2 0  
1 0  6 4 
1 2  1 0  1 2  
2 2  2 0  2 0  
4 8  2 6  2 4  
5 2  3 8  3 0  
6 0  4 0  3 8  
6 6  4 0  3 8  
7 0  4 8  3 8  
7 4  5 0  4 0  
Note : At 6 0  ppt or h igher sa l i n ity resu lted i n  z ero 
seed emergence . 
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l ow 
a i r  
4 0  
2 
8 
1 2  
3 0  
4 0  
5 8  
7 0  
7 4  
7 6  
at outdoor shaded area condit ion where 1 0 0% shedd ing 
occurred i n  0 . 5  to 4 0  ppt sa l in ity l eve l s  in about 1 1  
days ( Ta b l e  6 )  a fter sowing . The rate o f  seed coat 
shedd ing wa s 3 0 ,  1 8 , and 6% i n  6 0 , 8 0 , and 1 0 0  ppt 
s a l i n ity l eve l s , respect i ve ly , dur ing th i s  per i od . 
Seed emergence started about 9 days a fter sow ing wh ich 
cont i nued to day 2 0  when the percent emergence observed 
in 0 . 5 ,  1 0 , 2 0 , and 4 0  ppt sa l i n i t i es were 7 6 , 5 6 ,  5 0 , 
a nd 8 0 % , respect ively ( Table 7 ) . No emergence occurred 
i n  s a l i n it i e s  h igher than 4 0  ppt . 
EXPERIMENT NO . 3 :  S EEDLING GROWTH STUD I ES ( I ndoor low 
temperature cond i t ions ) 
Growth o f  mangrove seed l ing at the i ndoor area 
i nd icated max imum i ncrease i n  shoot height in 0 . 5  ppt 
sa l in ity where it reached an average he ight of 7 . 8  cm 
from an i n i t i a l  he ight of 2 . 1  em . The seed l ing growth 
rate ( shoot he ight increas e )  decreased w i th s a l i n i ty . 
The average he ights reached a fter 1 3 0  d o f  the exper iment 
were 6 ,  5 . 6 , and 4 . 8  cm from i n i t i a l  ones o f  2 . 3 ,  2 . 1 , 
and 2 . 3  cm i n  1 0 , 2 0 , and 4 0  ppt sa l in ity l eve ls , 
respectively ( F ig 5 . , Tabl e  8 ) . Under 6 0  ppt sa l i n ity , 
few p l ants only survived at the second observat ion ( 6 4 d )  
a nd none surv ived dur i ng the f i na l observat ion ( 1 3 0  d ) . 
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Tab l e  6 .  Percentage of seed coat shedding i n  d i f f erent 
sa l i n i t i es i n  exper iment No . 2 located at 
outdoor shaded cond it ion with average a i r  
temperature ranged 1 9 ± 1  to 2 8 ± 4  ° C ,  ( n = 5 0 , 
sow i ng date 1 9 / 0 9 / 1 9 9 3  ) . 
S a l in i ty Leve l s  ( ppt ) * Days 
After 
Sow i ng 0 . 5  1 0  2 0  4 0  6 0  8 0  1 0 0  
1 3 6  5 6  3 2  1 2  1 0  0 0  
2 3 8  7 2  5 4  1 8  1 2  2 
3 4 0  7 4  6 6  2 8  1 2  1 2  
4 5 2  8 6  8 2  5 0  1 2  1 2  
6 7 4  9 6  9 0  6 6  2 4  1 4  
8 9 4  1 0 0  1 0 0  6 8  2 4  1 4  
9 9 8  1 0 0  1 0 0  7 4  2 4  1 4  
1 0  9 8  1 0 0  1 0 0  7 8  3 0  1 8  
1 1  1 0 0  1 0 0  1 0 0  1 0 0  3 0  1 8  
* The percentages o f  the seed coat shedd ing decreased 
with the increase i n  the sa l i n ity leve l s . 










Tabl e  7 .  Percentage o f  seed emergence at d i f ferent 
s a l i n i t i e s  in exper iment No . 2 located at 
outdoor shaded cond i t ion w ith average a i r  
temperature ranged 1 9 ± 1  t o  2 8 ± 4 ° C ,  ( n  = 5 0  





1 0  
1 1  
1 3  
1 5  
1 7  
1 8  
2 0  
0 . 5  
8 
1 4  
2 6  
5 4  
5 4  
7 0  
7 0  
7 6  
1 0  
4 
1 0  
2 0  
2 0  
2 6  
3 8  
5 0  
5 6  
S a l i n ity Leve l s  ( ppt ) 
2 0  4 0  6 0  8 0  1 0 0  
4 1 0  0 0 0 
6 2 0  0 0 0 
1 6  4 2  0 0 0 
2 2  5 2  0 0 0 
2 2  6 2  0 0 0 
4 0  7 6  0 0 0 
4 4  8 0  0 0 0 
5 0  8 0  0 0 0 
Note : At 6 0  ppt or h igher s a l in ity resu lted i n  z ero seed 
emergence . 
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Tab le 8 .  Average shoot he ight ( cm ) = SH and p lant we ight 
( g ) =PW of Avi cenni a  marina at d i f ferent stages 
of growth in exper i ment No . 3 l ocated at 
i ndoor low temperature cond i t ions w i th average 
a i r temperature 1 9 ± 1 ° C .  
S a l i n ity Days a fter pl ant ing 
Leve l 6 6 4  
(ppt) SH PW SH PW 
0 . 5  2 . 1  4 . 1  5 . 9  6 . 1 
1 0  2 . 3  3 . 9  5 . 4  5 . 8  
2 0  2 . 1  4 . 9  4 . 3  7 . 8  
4 0  2 . 3  6 . 7  2 . 9  7 . 7  
6 0  2 . 1  6 . 7  1 . 5  5 . 2  
8 0  2 . 1  7 . 4  D i ed D i ed 
1 0 0  2 . 4 8 . 8  " " 
Anova t a b l e : Two way ana lys i s  of varience 
E f f ect o f  s a l i n ity 
E f f ect o f  t ime 
I nteract i on sa l i n ity x T ime 




* S ig n i f i cant d i f ference at P < 0 . 0 5 .  
4 1  
1 3 0  
SH PW 
7 . 8  7 . 5  
6 . 0  7 . 2  
5 . 6  7 . 9  
4 . 8  9 . 2  
D i ed D i ed 
" " 
" " 
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Fig .  5 .  Average shoot height and plant �eight of 
A. marina at dif ferent stages of the 
indoor cold area experiment No . 3  �here 
the average air temperature �as 19±1 · C .  
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No p lant surv ived at 8 0  and 1 0 0  ppt sa l i n ity l eve l s . 
Average p l ant we ight indi cated better growth o f  the 
mangrove seed l i ngs at 0 . 5  ppt s a l i n ity under low 
t emperature cond i t i ons i n  i ndoor areas . An i ncrease i n  
p lant we ight o f  about 3 . 4  g w a s  noticed i n  0 . 5  ppt 
sa l i n ity a fter 1 3 0  days period . w i th increase in p lant 
s a l i n ity l eve l s , the average va lues o f  seed l ing weight 
i ncrea se were 3 . 3 , 3 ,  and 2 . 5  g in 1 0 ,  2 0 ,  and 4 0  ppt 
s a l i n i t ies , respect ively dur i ng the exper iment a l  per iod . 
The number o f  roots per seed l i ng reached the max imum 
in 0 . 5  ppt s a l i n i ty ( Table 9 ) . A decrease in the average 
number o f  roots was detected from the second to the th i rd 
per iod o f  observation ( 6 4 - 1 3 0  days ) . Th i s  i s  because 
some of the f i brous roots died o f f , wh i l e  the ma i n  roots 
got th icker , stronger and longer . 
The longest roots ( Average max imum root l ength 1 8 . 2  
cm ) were as soc i ated w i th p l ants i n  1 0  ppt and the average 
max imum root l ength o f  1 6 . 3  cm was observed in 2 0  ppt 
s a l i n ity l eve l after 1 3 0  days o f  the experiment ( F ig . 6 ,  
Table 9 ) . The average length of the l ongest roots i n  0 . 5  
ppt and 4 0  ppt s a l i n i t i es were 9 and 9 . 9  cm , 
respec t i ve ly . The average number of l eaves per p lant was 
r e l a t ive ly greater i n  pl ants o f  0 . 5  ppt s a l i n ity l eve l 
( 5 . 1 ) . Average number o f  l eaves of p lants i n  1 0  a nd 2 0  
ppt s a l i n i t i e s  were 4 and 4 . 5 , respect i ve ly , whereas the 
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Fig . 6 ,  Average number ot roots and maximum root 
length of A .  marina seedlings at d i f ferent 
stages of i ndoor cold area experiment No . J 
where the average a i r  temperature was 1 9 ± 1 - C .  
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Tab le 9 .  Average of the tota l number of roots = RN and 
max imum root l ength ( cm )  = RL o f  seedl ings at 
d i f ferent stages o f  growth i n  exper iment No . 3  
located at i ndoor low t emperature cond i t i o n  
w ith average a i r  temperature 1 9 ± 1 ° C .  
S a l i n i ty Days a fter p lant i ng 
Leve l 6 6 4  
(ppt) RN RL RN RL 
0 . 5  4 . 2  2 . 6 9 . 9  4 . 2  
1 0  4 . S  2 . S 9 . S  1 0 . 5  
20 4 . 1  1 . 4  9 . 4  1 0 . 2  
4 0  4 . 2  0 . 9  7 . 3  3 . 1  
6 0  3 . 7  1 . 1  6 . 4  2 . 6 
s o  3 . 4  0 . 3  D i ed D ied 
1 0 0  2 . 7 0 . 3  ..  . .  
Anova table : Two-way ana lys i s  of var iance 
E f f ect o f  s a l i n ity 
E f f ect o f  T ime 
I nterac t i on s a l i n ity x T ime 





* S ign i f icant d i f ference at P < 0 . 0 5 .  
4 5  
1 3 0  
RN RL 
9 . 7  9 . 0  
9 . 0  l S . 2  
9 . 1  1 6 . 3  
6 . 3  9 . 9  
D ied D ied 
. .  . .  
.. .. 
Max imum 






























0 0 0 0  
6 6 4  1 3 0  




6 6 4  1 3 0  
Days o f  cold area experiment 
Fig . 7 .  Average number of leaves and leaf area o f  
A .  marina seedlings at dif ferent stages o f  
the indoor cold area experiment No . 3  where 
the average air temperature was 19± 1 O C .  
4 6  
Table 1 0 . Average of the tota l number of leaves = LN and 
leaf area ( cml ) =LA at second node of seedl ings 
at d i f ferent stages of growth experiment No . 3  
located at indoor low temperature condit ion 
w ith average a ir temperature 19 ± 1 ° C .  
Sa l inity 
Leve l 
( ppt ) 
0 . 5  
1 0  
2 0  
4 0  
6 0  



















Days a fter p lanti ng 
64 
LN LA 
3 . 6  1 . 7  
3 . 0  4 . 3  
3 . 6  6 . 0  
2 . 0  a 
2 . 0  a 
b a 
b a 
a= No leaf at second node . 
b= P l ants d ied . 
Anova table : Two way a n a lys i s  o f  variance 
Total No . o f  leaves 
E f f ect of s a l i nity 
Effect o f  T ime 




* Sign i f icant d i f f erence at P < 0 . 0 5 .  
4 7  
130 
LN LA 
5 . 1  1 0 . 7  
4 . 0  1 0 . 8  
4 . 5  1 0 . 8  








average number was 3 . 7  in 4 0  ppt s a l in ity at the end o f  
the exper iment ( F ig . 7 ,  Tabl e  1 0 ) . Larger l eaves were 
encountered w i th seed l ings p lanted in 0 . 5 ,  1 0 , and 2 0  ppt 
s a l i n i t ies as i nd i cated by the data on l e a f  area at the 
second node of the p lant . The average l e a f  surface area 
a f ter 1 3 0  d were 1 0 . 7 ,  1 0 . 8 ,  a nd 1 0 . 8  cm2 , respect ively 
at the three above mentioned concentrat ions . Re lat ive ly 
sma l l  l eaves were observed i n  p lants grown i n  4 0  ppt 
s a l i n ity where the average l e a f  area was 3 . 1  cm 2 . 
Data i n  Tabl e  1 1  show the percentages o f  surviva l o f  
seed l ings at d i f ferent stages of the exper imenta l per i od 
and under d i f ferent treated s a l i n ity l eve l s . Percent 
surviva l o f  p lants i n  0 . 5 , 1 0 , and 2 0  ppt s a l i n i t i e s  were 
1 0 0 %  at the end o f  the exper iment . 4 5 %  only o f  p lants 
survived i n  40 ppt s a l i n ity level for 1 2 8  days a fter the 
emergence of seed l i ngs . I n  6 0  ppt s a l i n ity , about 4 0 %  
o n l y  o f  the p lants survived only for two months . 
The mo i sture content o f  the lea f , stem and root o f  
t h e  s eed l ings subj ected to 0 . 5  to 4 0  ppt ranged from 5 3 . 8  
to 7 4 % ,  6 6 . 7  to 7 4 . 4 % and 6 8 . 2  to 7 5 %  respect ive ly .  As 
the s a l i n ity o f  the seed l i ng grow i ng med ium increased , 
moi sture content decreased ( Table 1 2 ) . 
Water parameters from the exper imenta l  tanks were 
recorded da i ly and the ir week ly averages are shown in 
Append i x  I I I . 
4 8  
Table 1 1 .  Percentage of seedling emergence at various 
stages o f  the exper iment No . 3  in d i f ferent 
s a l i n ity leve l s  located at indoor low 
temperature condition with average a i r  
temperature 19 ± 1 ° C .  
Sa l in ity 
Level 
( ppt ) 
0 . 5  
1 0  
2 0  
4 0  
6 0  
8 0  
1 0 0  
6 
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
Days after p lanting 
64 
1 0 0  
1 0 0  
1 0 0  
9 5  
4 0  
0 
0 
Note : At 6 0  ppt or h igher sa l inity no seed l i ng 
emergence occured even after 1 3 0  days . 
4 9  
1 3 0  
1 0 0  
1 0 0  
1 0 0  




Tab l e  1 2 . Percentage of moisture in root , stem and leaf o f  
mangroves ( Avicennia marina ) grown i n  i ndoor low 
temperature conditions i n  exper iment No . 3  ( 1 3 0  day s )  
( n=4 , start ing date 18 / 10 / 9 3 , f ina l date 2 5 / 2 / 9 4 )  
s a l inity level of 
test med ium ( ppt ) * *  
0 . 5  
1 0  
2 0  
4 0  
6 0  
8 0  
1 0 0  
Root 
7 5 . 0  
7 5 . 0  
7 1 . 4  




* No surviving p lant for samp l ing . 
stem 
7 4 . 4  
7 4 . 1  
66 . 7  




* *  The percentage of moisture in the root , stem and leaf 
decreased w ith the increase i n  the s a l i n ity leve l s . 
5 0  
Leaf 
7 4 . 0  
7 3 . 8  
6 5 . 5  




EXPERIMENT NO . 4 :  S EEDLING GROWTH STUDI ES ( Outdoor shaded 
cond it ions ) .  
S ince relat ive ly faster growth rates were observed 
ln mangrove seed l i ngs kept in outdoor shaded cond i tions 
( compared to those i n  i ndoor cond i t ions ) , f our 
eva luat ions were made dur ing the 1 2 8  days exper iment a l  
per i od . Seed l i ngs at 0 . 5  ppt s a l i n ity showed better 
growth for about two months , reach ing an average he ight 
of 1 5 . 8  cm from its i n i t i a l  average he ight of 2 . 1  cm . By 
the end of the exper iment ( 1 2 8  days ) . However , the 
seed l i ngs under 2 0  ppt s a l i n ity gave the max imum average 
he ight ( 1 9 . 1 cm) , wh i l e  the i n i t i a l  shoot he ight at the 
beg inn i ng of the exper iment was 2 . 1  cm . The maximum 
he ight for seed l ings treated w i th 0 . 5 ,  1 0 , and 4 0  ppt 
s a l i n i t i e s  were 1 8 , 1 8 . 4 ,  and 1 1 . 2  cm compared to the i r  
i n i t i a l  h e i ght o f  2 . 1  c m  ( Table 1 3 ) . A t  6 0  ppt s a l i n ity , 
the s e ed l i ng growth dec l ined where the average shoot 
he i ght i ncreased from 1 . 9  cm to 3 . 1  cm only dur i ng 1 2 8  
days . Seedl ings p l anted at 8 0  ppt s a l i n ity d i d  not show 
any growth a nd the i r  average i n i t i a l  and f ina l he i ght 
rema i ned the same . A l l  p lants subj ected to 1 0 0  ppt 
s a l i nity d i ed a fter 2 months . A max imum average p lant 
we i ght o f  1 2 . 6  g was observed for seed l ings p l anted i n  2 0  
ppt s a l i n ity dur i ng the fourth eva luat ion per i od ( 1 2 8  
days ) . The average i n i t i a l  we ight o f  th i s  group was 4 . 8 
5 1  
g .  The seed l ings weight at 0 . 5 ,  1 0 , and 4 0  ppt s a l i n ity 
l eve l s  were 1 0 . 7 ,  1 1 . 7 ,  and 9 . 4  g ,  respect ive ly at the 
end o f  the exper iment , wh i l e  the i r  average we ights at the 
beg inn i ng were 4 . 5 , 5 . 2 ,  a nd 4 . 9  g ,  respect ively ( Fi g . 8 ,  
Tab l e  1 3 ) . The increase i n  p l ant we ight a t  6 0  ppt and 8 0  
ppt s a l i n i t i e s  was very s l ight and the average we ight 
g a i n  per p l ant was 0 . 7  and 0 . 9  g ,  respect i ve ly . The 
average we ight of seed l ings w i th 1 0 0  ppt s a l i n ity 
showed an i ncrease o f  0 . 5  g i n  about two months , but the 
p l ant f a i l ed to survive unt i l  the end o f  the exper iment . 
The average number o f  p l ant roots i ncreased approx imately 
f rom 5 to 8 under s a l i n i t i e s  o f  1 0 , 2 0 ,  and 40  ppt 
( F ig . 9 ,  Table 1 4 ) . 
I n  genera l ,  the average number o f  roots tend to 
decrease w ith the increase i n  the s a l i n i ty l eve l o f  the 
med i um , espec i a l ly for s a l i n ity leve l s  h igher than 4 0  
ppt . The i ncrease i n  the l ength of the longest root was 
about 3 5 . 2  cm for the seedl i ngs at 4 0  ppt s a l i n i ty wh ich 
was the max imum i ncrease recorded for any group in th i s  
exper iment . The seed l ings at s a l i n i t i es h igher than 4 0  
ppt had shorter roots . A l l  pl ants had two l eaves at the 
beg i n n i ng o f  the exper iment . After 1 2 8  days seed l ings 
grown at 10 ppt s a l i n ity had the max imum average number 
o f  l eaves ( 6 . 2 )  f o l lowed by an average o f  6 . 1  i n  those 
p lanted at 2 0  ppt s a l i n ity . 
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3 1 7  6 3  128 
Days of shaded expcrUncnt 
F ig . 8 .  Average shoot height and plant weight of 
A .  marina at dif ferent &tages o f  the 
outdoor shaded area exper iment N o .  4 
where the average air temperature ranged 
5 3  
o 
Table 1 3 . Average shoot he ight ( cm) =SH , and 
( g ) = PW of Avicennia marina 
stages o f  growth experiment No . 4 
outdoor shaded cond it ion with 
temperature ranged 1 9 ± 1  to 2 8 ± 4  
Sa l in ity Days a fter p l anting 
Lev e l  3 1 7  63  
(22t) SH PW SH PW SH PW 
0 . 5  2 . 1  4 . 5  1 2 . 1  6 . 8  1 5 . 8  7 . 7  
1 0  2 . 1  5 . 2  8 . 3  7 . 4  14 . 6  9 . 7  
2 0  2 . 1  4 . 8  8 . 2  6 . 8  1 4 . 7  8 . 9  
4 0  2 . 1  4 . 9  4 . 3  5 . 4  9 . 6  8 . 2  
6 0  1 . 9  3 . 6  2 . 5  3 . 8  2 . 6  4 . 1  
8 0  2 . 0  4 . 7  2 . 4  4 . 8  2 . 1  5 . 3  
1 0 0  1 . 4  3 . 7  1 . 9  3 . 7  1 . 4  4 . 2  
Anova tabl e : Two-way analysis of variance 
E f f ect of s a l i nity 
Ef fect of Time 





* Sign i f icant d i f ference at P < 0 . 05 
5 4  
p lant we ight 
at d i f f erent 
located at 
average a i r  
° C . 
128 
SH l:W 
18 . 0  1 0 . 7  
18 . 4  1 1 . 7  
19 . 1  1 2 . 6  
1 1 . 2  9 . 4  
3 . 1  4 . 3  
2 . 0  5 . 6  
Died Died 




The average number of pl ant leaves for 0 . 5 ,  4 0 ,  and 
6 0  ppt s a l i n i t i e s  were 4 . 7 ,  4 . 6  and 3 . 8 ,  respect ively 
( F ig .  1 0 ,  Table 1 5 ) . 
The largest l eaves were observed i n  p l ant groups at 
20 ppt sa l in ity , where the average l e a f  area a t  the 
second node was 3 0 . 1  cm2 wh i l e  the sma l l est l eaves w i th 
a n  average sur face area o f  4 cm2 were encountered w i th 
s eed l i ngs at 6 0  ppt s a l i n ity l eve l . The average l e a f  
a r e a s  for 0 . 5 ,  1 0 , a n d  4 0  ppt s a l in it ies w e r e  2 7 . 5 ,  2 9 . 4 ,  
and 1 5 . 9  cm 2 , respect ively . Throughout the exper imental 
per i od a l l  the seed l i ngs at 0 . 5 ,  1 0 ,  2 0 , and 4 0  ppt 
s a l i n i t i e s  were in good cond it ion a nd 1 0 0 %  surviva l rates 
were recorded . At 6 0  ppt sa l i n ity , a l l  p l ants were a l ive 
unt i l  the 6 3� day , but the surviva l rate was 3 5 % only at 
the end o f  the exper iment . After the 6 3� day o f  the 
exper iment , 8 5 % o f  the seed l i ngs were found a l ive at 8 0  
ppt s a l i n ity , wh ich was reduced t o  1 0 %  a t  the f ina l 
eva luat i on per i od . About 2 5 % of the p lants a t  1 0 0  ppt 
s a l i n ity surv ived unt i l  the third observat ion on the 6 3 ro , 
day but no seed l ings survived at the f ina l observa t i o n  
( Ta b l e  1 6 ) . 
The percent mo i sture i n  the lea f , stem and root o f  the 
seed l ings grown from 0 . 5  to 60 ppt sa l i n ity l eve l s  were 
3 3 . 3  to 7 6 . 2 % , 7 5  to 7 6 . 9 % and 7 6 . 2  to 7 9 . 6 % ,  
respect ively . 
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Days of shaded experiment 
Fig . 9 .  Average number o! roots and maximum root 
length o! A. marina seedlings at dif ferent 
stages o! outdoor shaded area experiment 
No . 4 where the average air temperature 
ranged from 19± 1 " C  to 2 8 ± 4 " C .  
5 6  
Table 1 4 . Average number o f  roots = NR and average o f  the 
maximum root length ( cm ) RL of seed l ings at 
d i f ferent stages of growth experiment No . 4 l ocated 
at outdoor shaded condition w ith average a i r  
temperature ranged 1 9 ± 1  to 2 8 ± 4  ° c .  
Sa l i n i ty 
Leve l 
Days after p l anting 
3 1 7  
( ppt ) NR RL NR RL NR 
0 . 5  5 . 5  2 . 2  8 . 7  1 5 . 0  8 . 5  
1 0  4 . 8  3 . 2  8 . 2  1 2 . 9  8 . 1  
2 0  4 . 5  3 . 3  8 . 7  1 4 . 7  7 . 6  
4 0  4 . 9  3 . 2  8 . 8  1 0 . 0  8 . 4  
6 0  4 . 8  3 . 4  6 . 3  3 . 8  6 . 9  
8 0  3 . 5  2 . 1  4 . 0  2 . 6  4 . 8  
1 0 0  3 . 5  2 . 2  4 . 4  2 . 5  2 . 8  
* No seedl i ng survived . 
Anova table : No . of roots 
E f f ect of s a l inity * *  
E f f ect o f  T ime * *  
Interaction s a l in ity x Time * *  
6 3  
* *  Sign i f icant d i f ference a t  P < 0 . 0 5 
5 7  
1 2 8  
RL NR RL 
3 2 . 4  5 . 0  3 2 . 5  
2 9 . 0  8 . 1  3 2 . 5  
3 1 . 4  8 . 0  3 7 . 2  
2 5 . 9  8 . 2  3 8 . 4  
5 . 1  6 . 8  8 . 5  
2 . 7  3 . 5  5 . 0  
1 . 9  * * 
Maximum root length 
* *  
* *  










3 1 7  63 
DaY3 of shaded orea experiment 
0 0  
1 28 
Fig . 10 . Average number ot l eaves ot A .  marina at 
d i f f er ent stages ot the outdoor shaded 
area experiment No . 4  whera the average air 
temperatura ranged trom 1 9 i 1 - C  to 2 8 i 4 - C .  
58 
Table 1 5 . Average of the tota l number of l eaves = LN and 
average leaf area ( cml ) = LA at second node o f  
seed l ings at d i f ferent stages of growth experiment 
No . 4  located at outdoor shaded cond it ion with 
average a i r  temperature ranging from 1 9 ± 1  to 
S a l in ity 
Level 
( ppt ) 
0 . 5  
1 0  
2 0  
4 0  
6 0  
8 0  
100 










a = No leaf at second 
Statistical ana lys i s  
E f f ect of sa l inity 
E f fect of T ime 
Interaction sa lin i ty 
Days after p l anting 
1 7  6 3  
LN LA LN LA 
3 . 7  a 4 . 5  1 9 . 8  
3 . 5  a 4 . 3  2 1 . 2  
3 . 6  a 4 . 2  2 2 . 8  
2 . 9  a 4 . 5  1 3 . 2  
2 . 0  a 2 . 4  0 . 4  
2 . 0  a 2 . 7  a 
2 . 0  a a a 
node . b = No seedl i ng 
No . of leaves 
* 
* 
x Time * 
* = S i gn i f icant d i f ference at P < 0 . 0 5 
59  
1 2 8  
LN LA 
4 . 7  2 7 . 5  
6 . 2  2 9 . 4  
6 . 1 3 0 . 1  
4 . 6  1 5 . 9  








Tab l e  1 6 . Percentage o f  seed l ing emergence at various 
Sal i n ity 
l evel 
( ppt ) 
0 . 5  
1 0  
2 0  
4 0  
6 0  
8 0  
1 0 0  
stages o f  the experiment No . 4 and in d i f ferent 
sa l i n ity leve ls l ocated at outdoor shaded cond it ion 
w i th average a i r  temperature ranged 1 9 ± 1 ° C  to 
2 8 ± 4 ° C ,  ( n = 2 0 ,  p l ant ing day 1 3 0  ) .  
Days after p l anting 
1 7  6 3  1 2 8  
1 0 0  1 0 0  1 0 0  
1 0 0  1 0 0  1 0 0  
1 0 0  1 0 0  1 0 0  
1 0 0  1 0 0  1 0 0  
1 0 0  1 0 0  3 5  
1 0 0  8 5  1 0  
1 0 0  2 5  0 
S igni f icant d i f f erence at P < 0 . 0 5 .  
6 0  
However , the moi sture content of these seed l i ng 
parts decreased w i th an increase i n  the sa l i n ity l eve l 
( Ta b l e  1 7 ) . 
The average shoot height i ncreased for the seedl ings 
grown i n  i ndoor low temperatures a nd outdoor shaded 
cond i t ions as presented i n  Tabl e  1 8 . The water samp l e s  
from the exper imenta l tanks represent i ng the seven 
sa l i n i ty l eve l s  i n  exper iment No . 3 and 4 were ana l y z ed 
for the i r  chem i c a l  compo s i t i on . 
Hard i ne s s  o f  water i ncreased from 8 4 . 2  to 9 6 6 3 . 6  
ppm , sod ium from 9 . 9  to 2 1 , 2 0 0  ppm , ca lc ium from 8 . 2  to 
8 9 6 . 4  ppm , magnes ium from 1 5 . 5  to 1 8 0 4  ppm , potass i um 
from 5 . 9  t o  5 8 1 . 5  ppm . and I ron from 0 . 0 0 4  t o  0 . 9 0 7  ppm 
for the test water having s a l i n i ty l eve l s  ranging from 
0 . 5  to 1 0 0  ppt ( Table 1 9 ) . The water parameters o f  the 
experiment a l  tanks were observed d a i ly and weekly a nd the 
averages are presented i n  Append ix I V .  
The l e a f  chlorophy l l  was measured by co l l ect ing 
l eaves from four p lants at each s a l i n ity l eve l from the 
i ndoor and outdoor cond i t ions and the i r  va lues are g iven 
i n  Tabl e  2 0 .  
EXPERIMENT NO . 5 :  F I ELD STUD I ES ON A SLOPING BEACH 
( Seeds sown on two transect s ) :  
Data on seed emergence and seed l ing parameters o f  A .  
marina co l l ected from two transects ( Table 2 1 )  
6 1  
Tabl e  1 7 . Percentage o f  mo isture in root , stem and leaf 
of mangroves ( Avi cennia mari na ) grown i n  
outdoor shaded cond i t ion i n  exper iment No . 4  
Sa l in ity l eve l 
o f  test med i um 
( ppt ) * 
p l ant 
0 . 5  
1 0  
2 0  
4 0  
6 0  
8 0  
1 0 0  
Root 
7 9 . 6  
7 9 . 0  
7 7 . 5  
7 7 . 0  
7 6 . 2  
* *  
* * *  
stem Lea f  Who le 
7 6 . 9  7 6 . 2  
7 5 . 8  7 5 . 6  
7 5 . 7  7 0 . 5  
7 5 . 7  7 0 . 2  
7 5 . 0  3 3 . 3  
* *  * *  7 8 . 8  
* * *  * * *  
* The percentage o f  mo i sture i n  the root , stem and l e a f  
decreased w ith t h e  increase i n  t h e  s a l i n ity leve l s . 
* *  P l ant parts could not be separated due to l ow growth . 
* * *  No survi v i ng p l ants for samp l ing . 
6 2  
Table 1 8 . Average shoot he ight increase ( rom/ day ) 
i n  Avi cenni a  marina at i ndoor and outdoor 
cond i t ions in exper iment No . 3  and 4 ,  ( a i r  
T O C= 1 9 ± 1 ° C  f o r  i ndoor , and 1 9 ± 1  - 2 8 ± 4 ° C  
for outdoor area ) . Seed sowed on 1 9 / 9 / 9 3 . 
S a l i n i ty 
Leve l 
( ppt ) 
0 . 5  
1 0  
2 0  
4 0  
6 0  
8 0  
1 0 0  
I ndoor low temperature 
area ( 1 3 0  days a fter 
sow i ng ) .  
0 . 4  
0 . 3  
0 . 3  




S i gn i f i cant d i f ferece at P < 0 . 0 5 .  
* Neg l i g i b l e  growth . 
* *  No surv iving seedl ing . 
6 3  
outdoor shaded 
area ( 1 2 8  days 
a fter sow ing 
1 . 2  
1 . 3  
1 . 3  
0 . 7  
* *  
* *  
* 
Table 1 9 . Chemical compos i tion of water having d i f ferent 
s a l i n i ty l eve l s  from experimenta l tanks used 
for mangrove seed l i ng growth studies in indoor 
and outdoor cond i tions . 
S a l inity 
Leve l 
( ppt ) 
0 . 5  
1 0  
2 0  





8 4 . 2  9 . 9  
3 8 8 5 . 0  2 5 5 0  
3 4 2 4 . 0  2 8 4 0  
5 57 6 . 1  7 5 8 0  
8 2 2 4 . 8  1 0 2 0 0  
8 2 5 1 . 8 1 2 7 5 0  
9 6 6 3 . 6  2 1 2 0 0  
Chemica l parameters ( ppm) . 
Ca Mg K Fe 
8 . 2  1 5 . 5  5 . 9  0 . 0 0 4  
1 9 1 . 0  8 2 8 . 0  2 2 8 . 2  0 . 0 5 4  
3 3 1 . 1  6 3 1 .  0 2 59 . 6  0 . 0 5 4  
5 3 5 . 3  1 0 3 0 . 0  4 7 7 . 4  0 . 1 3 4  
6 5 3 . 2  1 6 0 2 . 0  5 0 9 . 8  0 . 3 5 9  
5 4 8 . 6  1 6 7 2 . 0  4 7 6 . 7  0 . 5 5 6  
8 9 6 . 4  1 8 0 4 . 0  58 1 .  5 0 . 9 0 7  
* S ince a l l  the sa l i nity leve l s  ( ppt ) were prepared at 
the l aboratory , thei r  chemical analys is a lso showed 
increase in the values w i th the increase in their 
concentrat ions . 
6 4  
Table 2 0 .  A compar ison of the values of chlorophy l l  contents 
in the leaves of Avicennia marina grown in i ndoor 
and outdoor conditions in Exp . No . 3  and 4 ,  ( n=4 ) . 
S a l i n ity 
level 
( ppt)  
0 . 5  
1 0  
2 0 * 
4 0  
Ch lorophy l l  
" a " 
( mg / l )  
indoor 
5 . 9 5 6 
4 . 6 2 8  
4 . 0 2 5  
1 . 9 8 8  
outdoor 
6 . 0 6 8  
3 . 8 7 1  
8 . 57 0  
4 . 5 07 
Chlorophy l l  
li b" 
( mg / l )  
indoor outdoor 
2 . 3 3 0  2 . 9 4 1  
2 . 4 4 5  1 . 6 1 7  
2 . 1 2 9  3 . 7 7 9  
0 . 9 4 9  2 . 7 5 7  
Tota l 
Chlorophyl l  
( mg / l )  
indoor 
8 . 2 8 6  
7 . 07 3  
6 . 1 5 4  
2 . 9 3 6  
outdoor 
9 . 00 9  
5 . 4 8 8  
1 2 . 3 4 9  
7 . 2 6 4  
* At this s a l i n ity level the plant growth was the best . 
6 5  






0 - 1  
1 - 2 
2 - 3 
3 - 4 
4 - 5 
he ight ( cm )  SH , number of l eaves = LN ,  l e a f  area 
at second node ( cml ) = LA, and surviva l rate ( % )  
SR o f  mangrove seedl ings at d i ff erent stages of 
experiment No . 5· on a s l op i ng beach in the f ie l d . 
9 6  
1 0 0  
7 5  
7 0  
5 5  
3 5  
SE 
1 3 8  
1 2 . 5  
1 2 . 2  
8 . 5  
3 . 7  
1 . 4  
SH LN 
Days after sowing 
9 6  
2 2 . 6  
18 . 1  
1 2 . 4  
9 . 9  
5 . 0  
1 3 8  
6 . 5  
6 . 8  
6 . 1  
5 . 2  
1 . 6  
9 6  
9 . 8  
9 . 0  
7 . 0  
6 . 2  
5 . 9  
1 3 8  
5 . 3  
7 . 1  
6 . 7  
4 . 8  
2 . 1  
LA 
9 6  1 3 8  
6 . 1  
1 0 . 8  
1 0 . 9  
7 . 6  
2 . 8  
5 0  
6 0  
6 5  
5 0  
3 0  
SR 
5 0  
4 5  
4 5  
4 0  
2 0  
S i g n i f icant d i ff erence at P < 0 . 0 5 .  
* Data f rom two transects . 
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on the s l op ing beach were combined , and the average 
va lues were computed for every meter i nterva l from the 
low t ide level towards the landward d i rect ion . Data i n  
Tab l e  2 1  g ive the % seedl ing emergence values a n d  other 
p lant parameters stud i ed and seed l ing emergence . A l l  
seeds were germinated i n  the f irst one meter d istance 
from the seawater l ine , whi le the seed l ing emergence was 
7 5 % i n  the second meter , 7 0 %  i n  the third meter , 5 5 %  in 
the fourth meter , and 3 5 %  i n  the f i fth meter . A l l  
seedl i ngs emerged completely w i th i n  a month a fter sow i ng . 
Dur ing the f in a l  eva luat ion t ime at the 1 3 8fu day o f  the 
e xper iment , the average va lues o f  shoot he ights were 
2 2 . 6 , 1 8 . 1 , 1 2 . 4 ,  9 . 9 ,  and 5 cm for each one-meter 
interva l away from the seawater l ine in shoreward 
d i rect i on . The average number o f  l eaves , l e a f  area and 
surviva l rates tended to decrease as the d i stance from 
l ow t id e  l eve l towards onshore increases . At the end o f  
the exper iment the moisture content was determ ined for 
the d i f ferent parts o f  the seed l ings . The l e a f  moisture 
ranged between 6 9 . 7 % to 7 3 . 1 % ,  the stem from 7 0 . 8  to 
7 3 . 8 % and the roots from 7 6 . 3  to 8 3 . 5 % ( Table 2 2 ) . 
The s o i l mo i sture decreased on the s lop ing beach 
f rom 1 6 . 8 %  near the seawater l ine at low t ide to 4 . 7 % at 
1 0  m d i stance away from the sea . The mangrove growth was 
67  
Table 2 2 . Percentage o f  moisture in root , stem , and leaf 
o f  mangroves ( Avicennia marina ) grown on a 
s l oping beach in experiment No . 5 .  
D istance from 
seawater 







8 3 . 5  
8 3 . 2  
8 2 . 6  
7 9 . 6  
7 6 . 3  
stem 
7 3 . 8  
7 2 . 4  
7 2 . 0  
7 1 .  6 
7 0 . 8  
* The percentage of mo isture in root , stem and leaf 
decreased w ith increase in the d i stance f rom the 
seawater l ine . 
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Leaf 
7 3 . 1  
7 2 . 1  
7 1 . 6  
7 0 . 7  
69 . 7  
Table 2 3 . Compa r i s ion o f  s o i l  moisture content ( % )  
between the s l op i ng beach and the f lat beach 
at d i f ferent d istances from sea water l ine . 
Distance f rom 
sea water l ine 










1 0  
1 0  - 1 5  
1 5  - 2 0  
2 0  - 2 3  
S o i l  Mo isture ( % )  
S loping beach Flat beach 
1 6 . 8  18 . 4  
1 4 . 8  1 7 . 3  
1 2 . 0  1 6 . 2  
1 1 . 2  1 4  . 8  
1 0 . 8  1 0 . 9  
9 . 9  1 1 . 9  
8 . 4  1 5 . 1  
7 . 9  1 0 . 0  
7 . 6  1 3 . 4  
4 . 7  1 2 . 6  
* 1 1 . 5  
* 9 . 8  
* 7 . 4  
* No p lant was sown in this area on the s loping beach . 
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Tab l e  2 4 . Average values of chlorophy l l  content o f  l eaves 
of mangroves Avicennia marina grown on a s loping 
beach = SB , and f lat beach = FB in exper iment No . 
5 and 7 .  
Distance 
f rom sea 
water 
l ine 






0 0  - 0 5  
0 5  - 1 0  
1 0  - 1 5  
1 5  - 1 9  
Ch lorophy l l  
" a " 
(mg / l )  
SB FB 
1 1 .  0 7 1  * *  
5 . 8 8 3  * *  
3 . 0 8 6  * *  
4 . 1 3 4  * *  
1 .  0 3 8  * *  
* 1 . 9 4 8  
* 1 .  4 0 1  
* 1 . 4 5 5  
* 0 . 3 6 5  
Ch lorophy l l  
II b ll 
( mg/ l )  
SB FB 
3 . 7 8 5  * *  
1 .  5 8 5  * *  
0 . 5 1 7  * *  
0 . 07 9  * *  
0 . 0 3 6  * *  
* 0 . 3 1 1  
* 0 . 3 4 4  
* 0 . 2 8 2  
* 0 . 0 3 3  
Total 
Ch lorophyl l  
( mg/ l )  
SB FB 
1 4 . 8 5 6  * *  
7 . 4 68 * *  
3 . 6 0 3  * *  
1 .  2 1 3 * *  
1 .  0 7 4  * *  
* 2 . 2 5 9  
* 1 .  7 4 5  
* 1 .  7 3 7  
* 0 . 3 9 8  
* On the s l op i ng beach , the leaf ch lorophy l l  was measured 
for p l ants at every one meter interva l . 
* *  On the f lat beach , the leaf chlorophy l l  was measured for 
p l ants at every f ive meter interva l . 
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observed upto a d i stance of about 5 m ,  where the soi l  
moi sture was 1 0 . 8 % ( Table 2 3 ) . 
Data l n  table 2 4  show the chlorophy l l  ' a ' , 
chlorophy l l  ' b '  and tota l chlorophy l l  contents for the 
seed l i ngs representing every meter interva l from the 
seawater l ine towards onshore . Tota l chlorophy l l  va lues 
decreased from 1 4 . 8 5 6  mg/ l  to 1 . 0 7 4  mg/ l over a d istance 
o f  f ive meters from seawater l ine . 
EXPERIMENT NO . 6 :  F I ELD STUDI ES ON A SLOPING BEACH 
( Seeds sown on three transects ) 
The second exper iment carried out by sow ing 
mangrove seeds on three transects on the s lop i ng beach 
compri sed o f  ten eva luat ion s  cover ing 3 7 7  days for the 
co l lection of r e l evant data on seed l i ng emergence , 
surv iva l a nd growth . The average va lues o f  the p lant 
parameters were calculated for every meter spac ing from 
l ow t ide leve l in landward d irect ion . About two months 
a fter sow i ng seeds , 1 0 0 %  seed l ing emergence was observed 
in an area up to two meters from seawater l i ne ( F ig .  1 1 , 
Table 2 5 ) . I n  genera l ,  the percentage o f  seed l ing 
emergence decreased w i th i ncreas i ng d i stance from the 
s eawater l ine . At the end of the exper iment ( on day 3 7 7 )  
1 0 0 %  seed l i ng emergence was observed i n  the f irst two 
meters , 5 3 . 3 % in the third meter , 3 3 . 3 % in the fourth 
meter and 2 3 . 3 % in the f i fth meter d i s tance . The average 
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shoot height , average number of roots and number of 
l eaves per pl ant were found decreas ing from low t ide 
l eve l towards the e l evated s lope o f  the beach . On the 
f in a l  day of the exper iment , seed l i ngs w i th an average 
shoot he ight of 3 7 . 4  cm , average number of l eaves o f  
1 2 7 . 2  a n d  o f  1 1 . 2  branches p e r  p lant were observed near 
the l ow water l ine , whereas at f ive meters away from th i s  
area o n  the landward s ide , the seed l i ngs had o n l y  1 2 . 1  cm 
shoot h e i ght , 2 4  l eaves and 3 . 8  branches per pl ant ( Table 
2 2 )  . The depth o f  the water table wa s a l s o  recorded 
dur i ng the var ious observation per i ods . 
The water table dur ing low t ide was w i th i n  1 0  cm 
from the ground l eve l for the f i rst two meters d istance 
from seawater l ine . The stretch of a d i stance from two 
to four meters had a water tab le of 1 6  to 2 8  cm . Dur i ng 
the observat ion per iod , the depth o f  ground water l eve l 
var i ed between 2 3  and 4 3  cm for the d i stance from f our 
meters towards the h igher l evel o f  the s lope . The 
average shoot he ight increase per day was c a l cu lated for 
every meter spac i ng from the sea water l ine u s ing the 
r e l evant data from the three transects . The growth rate 
o f  the seed l ings showed a decrease w i th further d i stances 
from the seawater l ine . The i n i t i a l  shoot he i ght growth 
rate was 0 . 2 4 cm/ day in the f i rst one meter d i stance for 
2 6  day old p lants wh i ch was reduced to 0 . 1 0 cm/ day a fter 
7 2  
3 7 7  days . Wh i l e f ive meters away , the values o f  the 
shoot he ight growth rate decreased from 0 . 0 8 to 0 . 0 3 
cm/ day ( F ig . 1 2  - 1 6 , Tabl e  2 6 ) . 
Water parameters were determined from the we l l s  and the 
nearshore water adj acent to the f ie ld exper imenta l  area . 
I ncreases i n  water temperature , s a l i n ity and conduct ivity 
were observed from the low tide area ( We l l  No . 1 ) t o  the 
up s lope o f  the beach ( We l l  No . 7 ) , wh ich wa s located at 
a d i stance o f  n i ne meters from the shore l ine . Relatively 
h igh water temperature and sa l in ity cond i t ions towards 
the upper s lope o f  the beach ( Append ix V) were 
observed . The ground water samp l e s  from the seven 
' we l l s ' were a n a l y z ed for the i r  chem i c a l  compos i t ion . 
Most o f  the parameters showed an i ncrease i n  the i r  va lues 
movi ng landward as the hard iness var i ed from 9 5 2 1 . 1  to 
1 2 1 1 5 . 6  ppm , sod i um from 1 4 3 6 0  to 1 8 9 3 0  ppm , c a l c ium from 
7 8 0  to 8 3 0  ppm , magnes ium from 1 8 4 0  to 2 4 4 2  ppm , 
potass i um from 2 8 5 0  to 3 1 1 0  ppm , su lphate f rom 4 5 09 to 
3 3 4 5  ppm , chloride from 1 0 4 0 4 . 5  to 1 2 8 0 7 ppm , f luoride 
from 1 3  to 2 3  ppm , phosphorus from 4 4 3 . 5  to 7 3 5 . 5  ppm a nd 
carbonate from 1 5 0  to 1 6 5  ppm over a d istance o f  9 meters 
from the s eawater l ine ( Table 2 7 ) . Ana lys i s  of s o i l  
t exture i nd i cated 9 4 - 9 6 %  sand , 1 - 2 %  s i lt and 2 - 4 %  c l a y  
fract ions i n  t h e  sed iments o f  the a r e a  under study ( Table 
2 8 )  . 
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Fig . 1 1 .  seedl ing emergence rate of A .  marina at 
dif ferent intervals from the sea water 
l ine and at different stages of the 
experiment No . 6 on a sloping beach . 
7 4 
Table 2 5 .  Seed l i ng emergence ( % ) =S E ,  average shoot he ight ( cm) 
=SH , average No . o f  l eaves=NL , average No . of branches 
per p lant=NB , depth of water table ( cm ) =DWT and phase 
of t ide=PT on a s loping beach in experiment No . 6 .  
Age D i stance 
( days ) ( m )  S E  SH NL NB DWT PT 
0 - 1 9 7 . 0  6 . 3  2 . 7  0 1 0 . 0  
1 - 2 3 6 . 6  2 . 9  1 . 6  0 1 0 . 0  
2 6  2 - 3 3 3 . 3  1 . 7  0 . 7  0 2 3 . 0  Low 
3 - 4 3 . 3  1 . 3  0 . 7  0 2 3 . 0  
0 - 1 1 0 0 . 0  1 0 . 7  4 . 8  2 . 3  4 . 0  
1 - 2 8 0 . 0  8 . 7  3 . 8  0 4 . 0  
4 4  2 - 3 3 3 . 3  3 . 2  1 . 5  0 2 7 . 0  Low 
3 - 4 3 3 . 3  2 . 8  1 . 3  0 2 7 . 0  
4 - 5 1 0 . 0  2 . 1  0 . 3  0 4 0 . 0  
0 - 1 1 0 0 . 0  14 . 2  7 . 1  2 . 7  1 0 . 0  
1 - 2 1 0 0 . 0  1 1 . 9  5 . 9  0 1 0 . 0  
6 5  2 - 3 6 3 . 3  9 . 7  5 . 9  0 2 3 . 0  Low 
3 - 4 3 3 . 3  3 . 9  2 . 4  0 2 3 . 0  
4 - 5 2 3 . 3  2 . 3  1 . 3  0 3 8 . 0  
0 - 1 1 0 0 . 0  1 8 . 8  9 . 6  2 . 0  6 . 5  
1 - 2 1 0 0 . 0  1 5 . 2  8 . 4  0 6 . 5  
9 6  2 - 3 6 6 . 6  1 1 . 7  7 . 9  0 2 1 . 0  Low 
3 - 4 3 6 . 6  7 . 5  5 . 0  0 2 1 . 0  
4 - 5 2 6 . 6  2 . 2  1 . 8  0 3 6 . 0  
0 - 1 1 0 0 . 0  2 2 . 0  1 0 . 1  2 . 7  + 2 . 0 * 
1 - 2 1 0 0 . 0  1 8 . 3  1 1 . 4  2 . 0  + 2 . 0 * 
1 3 2  2 - 3 6 0 . 0  1 3 . 3  8 . 7  2 . 3  18 . 0  H igh 
3 - 4 3 3 . 3  1 1 . 7  9 . 2  2 . 3  1 8 . 0  
4 - 5 2 6 . 6  8 . 2  6 . 3  0 3 3 . 0  
0 - 1 1 0 0 . 0  2 2 . 4  1 5 . 6  2 . 8  8 . 0  
1 - 2 1 0 0 . 0  18 . 6  1 2 . 1  2 . 2  8 . 0  
1 5 8  2 - 3 5 6 . 7  1 2 . 1  8 . 4  2 . 0  2 8 . 0  Low 
3 - 4 4 6 . 7  1 3 . 5  1 0 . 6  2 . 1  2 8 . 0  
4 - 5 3 6 . 7  8 . 0  6 . 4  1. 0  4 3 . 0  
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Cant . 
days (m )  SE SH N l  N B  DWT PT 
0 - 1 1 0 0 . 0  2 6 . 2  1 8 . 0  3 . 4  + 1 1 . 5 * 
1 - 2 1 0 0 . 0  1 9 . 8  1 3 . 2  2 . 4  + 1 1 . 5 * 
1 9 5  2 - 3 5 3 . 3  1 4 . 1  1 0 . 0  2 . 6  + 3 . 5 * H igh 
3 - 4 3 3 . 3  1 3  . 1  7 . 9  3 . 0  + 3 . 5 * 
4 - 5 2 3 . 3  7 . 4  6 . 0  1 . 0  1 4 . 0  
0 - 1 1 0 0 . 0  3 0 . 6  3 9 . 2  6 . 6  7 . 0  
1 - 2 1 0 0 . 0  2 6 . 9  2 9 . 6  4 . 0  7 . 0  
2 7 1  2 - 3 5 3 . 3  1 9 . 1  2 2 . 5  5 . 3  2 1 . 0  Low 
3 - 4 3 3 . 3  1 4 . 0  1 4 . 2  3 . 4  2 1 . 0  
4 - 5 3 3 . 3  8 . 9  8 . 3  2 . 0  3 3 . 0  
0 - 1 1 0 0 . 0  3 5 . 4  9 5 . 2  1 0 . 7  + 2 . 0 * 
1 - 2 1 0 0 . 0  3 1 . 4  66 . 1  8 . 1  + 2 . 0 * 
3 4 0  2 - 3 5 3 . 3  2 3 . 1  3 9 . 0  5 . 9  1 6 . 0  H igh 
3 - 4 3 3 . 3  2 1 . 4  2 9 . 9  7 . 4  1 6 . 0  
4 - 5 2 3 . 3  1 1 .  3 1 7 . 3  4 . 0  3 0 . 0  
0 - 1 1 0 0 . 0  3 7 . 4  1 2 7 . 2  1 1 . 2  + 1 .  0 * 
1 - 2 1 0 0 . 0  3 4 . 1  68 . 4  9 . 0  + 1 .  0 * 
3 7 7 * *  2 - 3 5 3 . 3  2 5 . 5  5 6 . 9  7 . 0  1 8 . 0  H igh 
3 - 4 3 3 . 3  2 3 . 3  4 0 . 2  6 . 1  1 8 . 0  
4 - 5 2 3 . 3  12 . 1  2 4 . 0  3 . 8  3 0 . 0  
* The seawater leve l was above the ground level ( +cm) due to 
the very h igh t ide dur ing the measur ing t ime . 
* *  s ig n i f icant d i f ference at P < 0 . 05 on 3 7 7 th day ( except 
for SE and NL) . 
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Fig . 12 . Average shoot he ight of A .  marina seedl ings 
at d i f f erent interva l s  from the sea water 
l ine and at d i f f erent stages of the exper iment 
No . 6  on a s loping beach . 
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Fig . 1 3 . Average number of leaves per p l ant o f  
A.  marina at d i f ferent interva l s  from 
the sea water l ine at d i f ferent stages 
of experiment No . 6  on a s loping beach . 
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Fig . 1 4 . Average number of branches per p lant of 
A. marina at d i f f erent intervals from the 
sea water l ine at d i f f erent stages of the 
experiment No . 6  on a s loping beach . 
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Fig . 1 5 . water temperature o f  the ground water at 
d i f f erent intervals from the sea water l ine 
at d i f f erent stages of experiment No . 5 and 6 
on a s loping beach . 
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F ig . 16 . Sal inity of the ground water at d i f ferent 
intervals from the sea water l ine at 
d i f ferent stages of the experiment No . 5 
and 6 on a s loping beach . 
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Tabl e  2 6 . Average shoot he ight growth rate ( cm / day ) 
i n  Avi cennia marina i n  the f ie ld on a s lop i ng 
beach i n  exper iment No . 6 .  
Days a fter 
sow i ng 
2 6  
4 4  
6 5  
9 6  
1 3 2  
1 5 8  
1 9 5  
2 7 1  
3 4 0  
3 7 7  
0-1 m 
0 . 2 4 
0 . 2 4 
0 . 2 2 
0 . 2 0 
0 . 1 7 
0 . 1 4 
0 . 1 3 
0 . 1 1 
0 . 1 0 
0 . 1 0 
D istances from seawater l ine 
1-2 m 2 - 3 m 3 - 4 m 
0 . 1 1 0 . 0 7 0 . 0 5 
0 . 3 3 0 . 1 2 0 . 1 1 
0 . 1 8 0 . 1 5 0 . 0 6 
0 . 1 6 0 . 1 2 0 . 0 8 
0 . 1 4 0 . 1 0 0 . 0 9 
0 . 1 2 0 . 0 8 0 . 0 9 
0 . 1 0 0 . 0 7 0 . 0 7 
0 . 1 0 0 . 0 7 0 . 0 5 
0 . 0 9 0 . 0 7 0 . 0 6 
0 . 1 0 0 . 0 7 0 . 0 6 
* No s eedl ing emergence was observed . 
4 - 5 m 
0 . 0 0 · 
0 . 08 ·· 
0 . 0 4 
0 . 0 4 
0 . 0 6 
0 . 0 5 
0 . 0 4 
0 . 0 3 
0 . 0 3 
0 . 0 3 
S i gn i f i cant d i f ference at P < 0 . 0 5 ( except for * *  which 
had no s ign i f icance ) . 
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Phys ica l and chem ica l character i st ics o f  the so i l  
were a l so ana lyzed a nd the results are shown i n  F ig s . 1 7  
and 1 8 , and Tab l e  2 9 . 
EXPERIMENT NO . 7 :  F I ELD STUD I ES ON A FLAT BEACH 
( Seeds sown on 2 3  transects ) :  
Data on the percentage of seed l ing emergence 
c a l cu lated w i th respect to the number o f  seeds sown on 
each o f  the 2 3  transects drawn para l l e l  to the shore l ine 
on a f l at beach gave a lmost s im i lar results a s  i n  the 
case o f  the s loping beach . A decrease i n  the percentage 
o f  seed l i ng emergence was observed w i th the increase i n  
d i stance from the shore l ine towards landward d irect i on . 
After 3 2 6  days , when the va lues were averaged for every 
5 meter spa c i ng from the water l i ne towards the onshore 
d irection , 7 6 . 3 % seed l i ng emergence was observed for the 
f i rst f ive meters , 3 5 . 2 % for the next f ive meters , 3 3 %  
for the next spac ing a nd 9 . 1 % for the last group o f  
seed l ing s  grown at a d i stance o f  1 6  to 2 0  meters from the 
seawater l ine ( Table 3 0 ) . The seed l ing surviva l was 
observed on ly up to 19 meters from the sea water l ine 
a fter 3 2 6  days . 
I n  order to col lect data on seed l ing growth 
parameters ,  few p lants were uprooted from every a lternate 
l ine on the 5 3 7ID day a fter sow i ng seeds , 
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Fig . 1 7 . D i sso lved oxygen of the ground water at 
d i f ferent interva ls from the sea water 
l ine at d i f f erent stages of the exper iment 
No . 5 and 6 on a s l oping beach . 
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Fig . 1 8 . pH of the ground water at dif ferent 
intervals f rom the sea water l ine at 
d i f f erent stages o f  the experiment 
No . 5 and 6 on a s loping beach . 
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T a b l e  2 7 . C h em i c a l  compos i t i on o f  g ro u n d  wat e r  i n  t h e f i e l d  
s t u d y  on s l op i n g  b e a c h  i n  e x p e r i me n t  NO . 5  & 6 ,  a s  
a f f e c t e d  b y  d i s t a n c e  f rom s e aw at e r  l i n e e m )  = DWL . 
C h em i c a l  p a r amet e r s  ( ppm ) • 
DWL 
( m )  H a r d n e s s  N a  C a  M g  K S04 C l  N02 F l  P HC03 
0 . 0  9 5 2 1 . 1  1 4 3 6 0  7 80 1 84 0  2 8 5 0  4 5 0 9  1 04 04 . 5  3 60 . 6  1 3 . 0  4 4 3 . 5  1 5 0 
1 . 5 9 0 0 0 . 8  1 40 1 0  7 2 0 1 7 5 0  2 6 9 0  1 7 7 2  1 3 1 3 3 . 0  a 6 5 . 5  4 4 0 . 0  1 4 2 
3 . 0  88 7 5 . 9  1 4 1 7 0 6 7 0  1 7 5 0  2 2 80 5 0 6 6  1 6 88 1 . 0  a 4 3 . 8  a 1 44 
4 . 5  8890 . 0  1 4 2 5 0  680 1 7 9 0  2 1 60 4 3 0 5  1 3 7 9 5 . 5  a a a 1 48 
6 . 0  9 5 5 2 . 1  1 4 480 7 1 0  1 8 9 0  2 1 4 0 6 1 3 7  1 5 4 68 . 5  a a 5 9 3 . 5  1 4 5 
7 . 5  9 8 6 6 . 6  1 5 2 0 0  7 7 0  1 9 3 0  2 580 4 3 0 5  1 3 7 9 5 . 5  a a 7 3 5 . 5  1 4 9 
9 . 0  1 2 1 1 5 . 6  1 89 3 0  8 3 0  2 4 4 2  3 1 1 0  3 3 4 5  1 2 8 0 7 . 0  a 2 3 . 0  a 1 6 5 
• On t h e s l op i n g b e ac h , a l mo s t  a l l t h e p a r am e t e r s  o f  t h e g ro u n d  
w a t e r  i n c r e a s e d  w i t h  t h e i n c r e a s e  i n  d i s t an c e  f rom t h e 
s e aw a t e r  l i n e . Howev e r  a f t e r  a d i s t an c e  o f  f i v e m e t e r , no 
p l a n t  s u r v l v e d  w h i c h m i g h t  b e  d u e  t o  o t h e r  f ac t o r s  s u c h  a s  
l e s s  i n u n d a t i on ,  d e e pe r w a t e r  t ab l e  a n d  l ow s o i l mo i s t u r e . 
a :  Not m e a s u r e d . 
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T ab l e  2 8 . SO l l  t e x t u r e o f  t h e f i e l d  s t u d y  a r e a  on a s l op l n g 
b e a c h  = SB , a n d  f l  a t  b e a c h  = F B  i n  e x pe r i me n t  No . 
5 & 7 .  
D l s t an c e  Pe r ce n t a g e  compos i t i on 
f rom mean 
s eawat e r  S a n d  S ;  1 t C l a y So i 1 T e x t u r e  
1 1  n e  
( m )  SB F B  SB F B  SB F B  SB FB 
0 1  9 6  9 3  2 2 2 5 S a n d y  S a n d y  
0 2  9 6  9 3  2 1 2 5 , , 
0 3  9 6  9 4  1 2 3 4 , , , , 
0 4  9 4  9 4  2 2 4 4 , , 
0 5  9 5  9 4  1 1 4 5 , , 
0 6  9 4  9 4  2 2 4 4 , , , , 
0 7  9 4  9 5  2 1 4 4 , , , , 
0 8  a 9 5  a 1 a 4 a , , 
0 9  a 9 4  a 2 a 4 a , , 
1 0  a 9 5  a 1 a 4 a 
1 1 a 9 4  a 2 a 4 a , , 
1 2  a 9 4  a 2 a 4 a , , 
1 3  a 9 3  a 1 a 6 a 
1 4  a 9 5  a 1 a 4 a , , 
1 5  a 9 5  a 2 a 3 a , , 
1 6  a 9 6  a 1 a 3 a 
1 7  a 9 7  a a 2 a 
1 8  a 9 6  a a 3 a , , 
1 9  a 9 7  a a 2 a , , 
2 0  a 9 8  a a 1 a , , 
2 1  a 9 6  a 1 a 3 a , , 
2 2  a 9 5  a 2 a 3 a , , 
2 3  a 9 6  a 1 a 3 a 
a :  O n  t h e s l o p i n g  b e ac h , no p l an t  s u r v i v e d  a t  mo r e  t h an a 
d l s t an c e  o f  f i v e m e t e r  f rom t h e s e aw a t e r  l i n e .  
8 7  
T ab l e  2 9 . P h y s l c a l  a n d  c h em i c a l  c h a r e c t e r i s t i c s o f  t h e so i l  i n  
t h e f i e l d  s t u d y  a r e a  o n  a s l op i n g b e ac h  i n  e x p e r i me n t  
No . 5  & 6 .  D i s t an c e  f rom m e a n  s e awa t e r  l i n e  e m ) =  DWL , 
b u l k  d e n s i t y ( g / cm
3
) = BD , pH , ECe ( m  mho/cm ) ,  Ca 
( me q / L ) ,  M g  ( meq / L ) ,  N a  ( me q / L ) ,  K ( meq / L ) , P ( ppm ) , 
C u  ( p pm ) , F e  ( p pm ) , Z n  ( ppm ) , t ot a l  C aC03 ( % ) . 
DWL S D  pH ECe 
2 . 5  E x t r a c t  
C a  M g  N a  K P 
T o t a l  E x t r a c t  Tot a l  
C u  F e  Z n  C aCol 
1 . 2 6  8 . 3  8 . 0 2 6 . 4  9 . 6  5 8 . 9  1 . 1 9  0 . 2 8 0 . 38 1 6 . 1 2  36 . 0  8 5 . 6  
2 1 . 3 1  8 . 3 6 . 5 1  4 . 8  7 . 2  4 7 . 4  0 . 9 0 0 . 5 0 0 . 2 4 5 . 08 5 . 8  86 . 8  
3 1 . 3 4  8 . 2  6 . 5 6 5 . 2  7 . 2  4 9 . 1  0 . 9 6 0 . 5 6 0 . 2 6 1 1 . 5 4 2 8 . 2  84 . 8  
4 1 . 3 5  8 . 1 5 . 6 9 4 . 6  5 . 8  4 1 . 7 0 . 83 0 . 2 0 0 . 2 8 7 . 38 1 4 . 6  8 1 . 9  
5 1 . 4 8 8 . 1 6 . 80 9 . 2 7 . 6 4 6 . 7 0 . 9 7 0 . 6 1 0 . 2 4 5 . 30 1 2 . 2  8 1 . 0  
6 1 . 5 6  8 . 2  6 . 2 6 8 . 4  6 . 4  4 3 . 9  0 . 9 2 0 . 1 1  0 . 1 8 6 . 82 1 8 . 4  8 1 . 8  
7 1 . 48 8 . 1 5 . 7 1  1 0 . 4  7 . 6  4 0 . 0  0 . 88 0 . 0 5 0 . 1 6  6 . 4 2 1 4 . 0  83 . 8  
Not e :  On t h i s  s l o p i n g b e a c h , mo s t  o f  t h e c h em i c a l  e l emen t s o f  
t h e s o i l d e c r e a s e d  a f t e r  f i v e m e t e r  f rom t h e s e awat e r  
l i n e w h i c h m i g h t  h av e  a f f e c t e d  t h e s u rv i v a l  o f  p l an t s 
e s p e c i a l l y  w i t h  t h e e f f e c t  o f  l e s s  i n u n d a t i on ,  d e e p e r 
w a t e r  t a b l e a n d  l ow s a n d  mo i st u r e  con t e n t  w h i c h w e r e  
m e as u r e d  d u r i n g t h e f i e l d  s t u d i e s .  
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Tab l e  3 0 .  Percentage o f  seedl i ng emergence= PSE ,  average for every 
f ive meter = Avj 5 m ,  d istance from the sea water l ine ( m )  
DWL , and depth of water tabl e  at low t ide ( cm )  = DWT on 
a f lat beach in experiment No . 7 ,  ( n= 6 0 ) . 
Days old 
8 1  1 4 3  1 8 0  2 5 6 3 2 6  
DWL DWT 
( m )  PSE Avj 5m PSE Av/ 5m PSE Av/ 5m PSE Av/ 5m PSE Av/ 5m cm 
0 1  9 1 .  5 
0 2  4 7 . 1  
0 3  5 0 . 5  
0 4  5 0 . 0  
0 5  2 2 . 8  
0 6  3 3 . 3  
0 7  2 2 . 8  
0 8  2 0 . 7  
09 1 4 . 3  
1 0  5 . 2  
1 1  1 1 . 5  
1 2  1 0 . 0  
1 3  1 4 . 8  
1 4  1 2 . 0  
1 5  1 0 . 9  
1 6  1 .  8 
1 7  1 .  6 
1 8  3 . 8  
19  1 .  8 
2 0  1 .  6 
2 1  
2 2  




5 2 . 4  
1 9 . 3  
1 1 . 8  
9 3 . 0  
69 . 1  
69 . 7  
7 1 .  0 
4 3 . 9  
5 0 . 0  
3 1 . 5  
3 2 . 8  
3 3 . 9  
19 . 0  
2 8 . 8  
2 8 . 8  
2 4 . 6  
3 4 . 0  
1 6 . 4  
1 2 . 7  
4 . 9  
2 . 1  1 7 . 3  
7 . 3  




9 4 . 4  
7 0 . 6  
69 . 3  6 9 . 7  
8 2 . 3  
5 0 . 9  
4 6 . 7  
3 3 . 3  
3 3 . 5  3 9 . 7  
3 2 . 1  
2 0 . 7  
4 2 . 3  
2 8 . 8  
2 6 . 5  3 2 . 8  
4 0 . 0  
2 1 . 8  
1 2 . 7  
6 . 6  
9 1 . 5  
7 7 . 9  
7 3 . 6  7 1 . 2  
8 5 . 5  
6 3 . 2  
4 6 . 7  
3 5 . 1  
3 4 . 5  4 1 . 4  
3 2 . 1  
2 0 . 7  
4 8 . 1  
2 7 . 5  
3 3 . 1  3 2 . 8  
4 0 . 0  
2 1 . 8  
9 . 1  19 . 2  1 0 . 2  
9 . 1  
1 6 . 4  
6 . 6  
1 5 . 4  
7 . 3  







* No seed l i ng survived . 
7 7 . 9  
3 5 . 2  
3 4 . 0  
9 . 2  
8 8 . 7  
7 7 . 9  
6 9 . 7  
8 5 . 5  
5 9 . 6  
4 6 . 7  
3 3 . 3  
4 4 . 8  
3 2 . 1  
19 . 0  
4 8 . 1  
2 6 . 3  
3 2 . 8  
3 6 . 0  
2 1 . 8  
1 4 . 5  
4 . 9  
9 . 6  
7 . 3  




7 6 . 3  2 8  
3 5 . 2  2 9  
3 3 . 0  3 1  
9 . 1  4 5  
S i g n i f icant d i f f erence a t  P < 0 . 0 5 ( for the averages o f  every 
f ive meter spacing ) . 
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and mea surements of shoot he ight , number o f  roots , 
max imum root length , stem thickness , root thi ckness , 
number o f  l eaves and l e a f  area at the second node were 
taken . An average va lues were ca lcu l ated for the 
respect i ve l i nes ( Table 3 1 ) . 
The maximum mo i sture content was observed i n  the 
root a nd ranged between 7 5  to 8 0 . 1 % ,  f o l lowed by the 
shoot ( 6 0 to 7 3 . 4 % )  and the l e a f  ( 6 0 to 7 0 . 5 % ) . There 
was a gener a l  decrease in the moi sture content of the 
seed l i ng parts away from the shore l ine ( Table 3 2 ) . 
The s o i l  moi sture on the f lat beach decreased from 
1 8 . 4 % near the sea water l i ne at low t ide to 7 . 4 % at 2 3  
m d i stance away from the sea . The mangrove growth was 
observed up to a d i stance o f  about 19 m where the s o i l 
mo i sture was 9 . 8 % ( Table 3 3 ) . 
The ch l orophy l l  content of the l eaves was measured 
for samp l e s  from a l l  the transect s , a nd the average 
va l ues o f  ch l orophy l l  ' a ' , ch l orophyl l  ' b '  and 
tota l ch lorophy l l  were ca l cu l ated for every 5 meter 
i nt erva l from the seawater l ine shoreward . Ch lorophy l l  
' a '  decreased from 1 . 9 4 8  to 0 . 3 6 5  mg / l ,  chlorophy l l  ' b '  
from 0 . 3 1 1  to 0 . 0 3 3  mg / l  a nd tota l ch lorophy l l  from 2 . 2 5 9 
to 0 . 3 9 8  mg / l  over the 1 9  m d i stance from seawater l ine 
( Table 2 4 ) . 
9 0  







1 1  
1 3  
1 5  
1 7  
1 9  
shoot he ight ( cm )  = SH , tota l number o f  roots = RN 
max imum root l ength ( cm )  
=ST , root thickness (rom) 
RL , stem thickness (rom) 
RT , number o f  l eaves=LN 
lea f area at second node ( cm2 ) LA and d istance 
f rom sea _water l ine ( m )  = DWL o f  Avicennia marina 
on a f lat beach in experiment No . 7 as observed 
on 2 1 - 0 3 - 1 9 9 4  ( 5 3 7  days 
on 1 - 1 0 - 1 9 9 2 ) .  
SH RN RL *ST 
3 4 . 3  1 3 . 0  3 8 . 0  1 1 . 7  
3 7 . 8  1 1 . 3  6 3 . 3  9 . 0  
2 9 . 8  8 . 3  4 0 . 0  7 . 5  
2 9 . 0  1 3 . 3  4 8 . 0  9 . 7  
2 7 . 7  8 . 7  4 6 . 7  1 0 . 7  
2 2 . 3  8 . 7  3 3 . 0  8 . 3  
2 4 . 3  1 3 . 7  4 4 . 0  8 . 3  
1 6 . 0  8 . 0  2 4 . 7  8 . 0  
1 6 . 0  8 . 0  14 . 0  7 . 0  
1 2 . 5  7 . 5  19 . 0  5 . 5  
a fter sowing seeds 
RT LN LA 
9 . 6  5 5 . 7  1 3 . 9  
9 . 3  3 9 . 5  6 . 7  
7 . 3  3 0 . 3  6 . 1  
9 . 7  3 4 . 7  6 . 3  
7 . 3  3 0 . 0  5 . 6  
7 . 7  2 4 . 3  5 . 6  
7 . 3  3 7 . 3  5 . 0  
7 . 7  1 8 . 0  3 . 5  
7 . 0  1 6 . 0  3 . 3  
6 . 5  8 . 0  1 . 6  
* Measured at 2 cm above the area of coty ledon . 
S i gn i f icant d i f ference at P < 0 . 0 5 ( except for RN) . 
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Tabl e  3 2 . Percentage o f  mo isture i n  root , stem and 
l e a f  of Avi cennia marina grown in a f la t  
beach i n  exper iment No . 7 .  
D i stance 
( m ) * Root stem Lea f  
1 8 0 . 1  7 3 . 4  7 0 . 5  
3 8 0 . 1  6 9 . 5  6 2 . 1  
5 7 8 . 8  6 9 . 5  6 1 .  9 
7 7 8 . 8  6 7 . 9  6 2 . 2  
9 7 8 . 4  6 7 . 5  6 2 . 5  
1 1  7 8 . 6  6 6 . 2  6 2 . 2  
1 3  7 8 . 3  6 6 . 0  6 1 . 2  
1 5  7 8 . 3  6 6 . 2  6 0 . 9  
1 7  7 5 . 0  6 5 . 9  6 0 . 1  
1 9  7 5 . 0  6 0 . 0  6 0 . 0  
* The percentage o f  mo isture i n  root , stem and l e a f  
decrea sed w i th t h e  increase i n  the d i stance from 
the seawater l ine . 
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S o i l  samples from every meter i nterva l start ing from 
transects 1 to 2 3  were ana lysed for the ir m iner a l  content . 
Texture c l a s s  o f  samp l e s  was sandy s ince the sand fract ion 
was 9 3  - 9 7 % . s i l t  and c lay fractions were 1 - 2 %  and 1 -
6 %  respect i ve ly ( Table 2 8 ) . 
Phys i ca l  and chem i ca l parameters of the so i l  were 
ana lysed for the s o i l  samp l e s  co l l ected at one meter 
i nt erva l from the seawater l ine upward and the data are 
shown i n  Tab le 2 4 . 
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1 0  
1 1 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
B D  
1 . 4 1 
1 . 6 7 
1 . 40  
1 . 6 6  
1 . 40 
1 . 7 1  
1 . 4 2 
1 . 4 3  
1 . 7 0 
1 . 3 9 
1 . 7 0 
1 . 3 2 
1 . 6 5 
1 . 3 5 
1 . 64 
1 . 34 
1 . 60 
1 . 39 
1 . 6 6 
1 . 3 4 
1 . 5 9 
1 . 34 
1 . 4 1 
f l e l d  s t u d y  a r e a  o n  a f l a t b e a c h  i n  e x p e r i me n t  NO . 7 .  
D i s t a n c e  f r om m e a n  s e aw a t e r  l i n e  ( m )  = OW L ,  b u l k  
d e n s i t y  ( g / c m3 ) = B D , p H , E C e  ( m  m h o / c m ) ,  C a  ( me q / L ) ,  
M g  ( m e q / L ) ,  N a  ( m e q / L ) ,  K ( m e q / L ) , P ( p pm ) , C u  ( p pm ) , 
F e  ( p pm ) , Z n  ( p pm ) , t o t a l  C aCOl ( % ) .  
p H  
8 . 4  
8 . 5 
8 . 6  
8 . 5  
8 . 6  
8 . 7  
8 . 6  
8 . 6  
8 . 6  
8 . 5  
8 . 6  
8 . 7  
8 . 6  
8 . 7  
8 . 6  
8 . 8  
8 . 8  
8 . 8  
8 . 8  
8 . 9  
8 . 8  
8 . 8  
9 . 0  
1 2 . 5  E x t r a c t  
E C e  C a  
6 . 3 9 4 . 4  
6 . 7 3 5 . 2  
7 . 8 3 5 . 2  
7 . 4 6 4 . 8  
7 . 0 1 4 . 8  
8 . 3 1 5 . 6  
7 . 5 6 4 . 8  
7 . 3 1 4 . 8  
6 . 98 5 . 6  
7 . 3 3 4 . 8  
6 . 88 4 . 8  
6 . 9 0 4 . 8  
7 . 3 2 5 . 4  
6 . 4 6 4 . 8  
6 . 6 5 5 . 4  
7 . 48 6 . 0  
6 . 2 1 5 . 6  
7 . 9 4 7 . 6  
6 . 7 0 6 . 4  
7 . 80 8 . 8  
8 . 5 8 9 . 6  
7 . 6 2 8 . 0  
9 . 9 6 8 . 8  
M g  
8 . 0  
9 . 2  
1 0 . 8  
9 . 6  
9 . 6  
1 0 . 8  
1 0 . 4  
1 0 . 4  
9 . 2  
1 0 . 0  
9 . 2  
8 . 8  
9 . 6  
8 . 4  
8 . 6  
9 . 6  
8 . 0  
1 0 . 8  
8 . 0  
9 . 2  
1 1  . 6  
8 . 8  
1 2 . 0  
N a  
4 6 . 1  
48 . 3  
5 6 . 7  
5 4 . 6  
5 0 . 9  
6 2 . 2  
5 7 . 2  
5 2 . 4  
5 2 . 0  
5 4 . 4  
5 1  . 1 
5 1  . 5  
5 3 . 7  
48 . 0  
48 . 9  
5 4 . 8  
4 5 . 4  
5 7 . 8  
48 . 7  
5 7 . 8  
5 9 . 6  
5 6 . 3  
7 5 . 4  
K 
0 . 9 5 
0 . 9 7 
1 . 1 5  
1 . 0 5 
1 . 0 4  
1 . 0 5 
1 . 1 3  
1 . 0 9 
1 . 1 0  
0 . 9 9 
1 . 0 1 
0 . 9 7 
1 . 0 6 
0 . 9 2 
0 . 94 
1 . 00 
0 . 8 7 
1 . 0 5 
0 . 9 1  
1 .  0 0  
0 . 9 2 
0 . 9 1 
1 • 1 7 
P 
N i l 
0 . 43 
0 . 1 0  
0 . 49 
0 . 0 4 
N i l 
0 . 2 0 
0 . 62 
0 . 3 9 
N i l 
N i l 
0 . 4 2 
0 . 08 
N i l 
0 . 3 6 
0 . 38 
N ;  1 
0 . 1 0  
0 . 4 5 
N i l 
N i l 
0 . 4 6 
0 . 1 2  
T o t a l  E x t r ac t  T o t a l  
C u  
0 . 1 2  
0 . 1 4  
0 . 1 0  
0 . 1 0  
0 . 0 6 
0 . 08 
0 . 0 6 
0 . 0 6 
0 . 1 4 
0 . 1 8  
0 . 1 4  
0 . 1 2  
0 . 1 2  
0 . 1 8  
0 . 1 4  
0 . 1 0  
0 . 08 
0 . 1 0  
0 . 08 
0 . 08 
0 . 1 0  
0 . 1 0  
0 . 1 0  
F e  
2 . 5 4 
2 . 2 4 
1 . 2 0 
2 . 02 
2 . 7 4 
2 . 0 4 
3 . 9 6 
2 . 88 
2 . 0 6 
1 . 80 
1 . 08 
2 . 5 4 
2 . 2 4 
1 . 00 
1 . 82 
1 . 5 0 
1 . 2 8 
1 . 00 
1 . 5 4 
2 . 0 4 
1 . 60 
2 . 0 2 
2 . 40 
Z n  
0 . 3 4 
0 . 34 
0 . 2 2 
0 . 2 0 
0 . 3 6 
0 . 30 
0 . 2 6 
0 . 2 6 
0 . 2 2 
0 . 34 
0 . 2 8 
0 . 2 4 
0 . 30 
0 . 2 6 
0 . 2 0 
0 . 2 0 
0 . 3 6 
0 . 34 
0 . 2 0 
0 . 3 2 
0 . 28 
0 . 1 8  
0 . 2 6 
8 1 . 9  
80 . 2  
8 3 . 2  
7 9 . 5  
8 5 . 0  
7 9 . 3  
7 8 . 7  
7 7 . 1 
7 5 . 6  
7 7 . 0  
7 7 . 3  
80 . 8  
7 9 . 4  
83 . 9  
80 . 1  
83 . 2  
85 . 0  
82 . 4  
83 . 4  
86 . 8  
84 . 7  
8 2 . 4  
84 . 2  
No t e :  A l t h o u g h  t h e p h y s i c a l  a n d  c h em i c a l  c h a r e c t e r i s t i c s o f  t h e 
s o i l  d i d  n o t  s h o w  a n y  d e f i n i t e  c h a n g e s  o n  t h e f l a t b e a c h  
w l t h  t h e d i s t a n c e  f r om t h e s e aw a t e r  l i n e ,  t h e p l a n t  
s u r v i v a l  w a s  l i m i t e d u p t o a b o u t  1 9  m e t e r s  w h i c h m i g h t  b e  
d u e  t o  t h e e f f e c t  o f  o t h e r  f a c t o r s  s u c h  a s  l ow i n u n d a t i o n ,  
d e e p e r w a t e r  t a b l e  a n d  l ow so i l  mo i s t u r e  c o n t e n t . 
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CHAPTER V 
CHAPTER V 
DI SCUSS ION 
EXPERIMENTS NO . 1 a nd 2 :  ( Emergence exper iments under 
i ndoor and outdoor cond i t ions ) : 
Result of the present stud i e s  showed that the 
comp l et i on of seed l ing emergence in the i ndoor low 
temperature area was 2 8  days , wh i l e  the correspond ing t ime 
in the outdoor shaded area was only about 2 0  days . No seed 
emergence took p l ace in s a l i n it i e s  h igher than 4 0  ppt at 
each area . Such observat ion i nd icates that the temperature 
of the a i r and water and s a l i n ity l eve l s  of the med ium may 
a f fect the proce s s  of seed l ing emergence of A. marina. Low 
t emperature seemed to retard the emergence process 
( propagu l a r  sprout i ng ) . under h igher sa l i n i t ies ( >  4 0  ppt ) . 
The mangrove seeds appeared to l ose water due to s a l t  
stress . I n  th i s  regard Farrant e t . al . ( 1 9 9 3 )  found that 
pr lor to a cqu i s it ion of fu l l  emergence capac ity , A. mari na 
seeds became t o l erant to s l ight water loss once they became 
fu l ly germinated , a fter wh ich des iccat ion sens i t ivity was 
not i n f l uenced by the stage of deve lopment . Howeve r , i t  was 
observed that the percentages o f  seed emergence were a lmost 
the same at 0 . 5  and 4 0  ppt s a l i n ity leve l s  on the 2 8 th day 
o f  the exper iment wh i ch were h i gher than the percentages 
observed at 10 a nd 2 0  ppt s a l i n ity l eve l s . Thi s  might be 
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due to the tr igger ing of the low sa l i n ity and seawater 
mechan i sms wh i ch act ivated the seed emergence to the same 
leve l . 
EXPERIMENTS NO . 3 a nd 4 
( Growth stud i e s  under i ndoor and outdoor cond i t ions ) : 
Resul ts on p l ant growth parameters inc luding shoot 
h e i ght , number of roots and number of l eaves showed that A .  
marina seed l i ngs can grow we l l  l n  sa l i n ity l eve l s  rang i ng 
from 0 . 5  ppt ( tap water ) to 4 0  ppt ( sea water ) i n  e i ther 
i ndoor or outdoor areas . I n  the i ndoor area , better p lant 
growth wa s observed w i th 0 . 5  ppt s a l in ity . I n  fact , 
seed l i ngs were subj ected to two types of stresse s : one was 
the l ow a i r and water temperatures wh ich were 1 9 ± 1 ° C  a nd 1 6  
- 1 7 . 6 ° C ,  respect i ve ly , and the second was sa l in ity . The 
f irst stress was the same for a l l  the seed l i ngs in the 
i ndoor exper iment , whereas the second one var i ed w ith test 
s o l ut ion . Seed l i ngs subj ected to the l east sa l i n i ty stress 
( those w i th 0 . 5  ppt s a l i n ity ) exh ib ited re lat ive l y  better 
growth . Ungar ( 1 9 7 8 )  and Ro z ema ( 1 9 7 8 ) reported that 
severa l obl igate h a l ophytes germ inate better in d i st i l l ed 
water . I n  genera l ,  seed l ings grow i ng i n  i ndoor l ow 
temperature showed very s l ow growth rate compared to those 
i n  outdoor area . Even with 0 . 5  ppt sa l in ity , where the 
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better growth was observed , the average rate of increase in 
shoot height was on ly 0 . 4  rom/ day i n  the former area . 
I n  the i ndoor shaded area , r e l a t ive ly h igher a i r  and 
water temperatures ( 1 9 ± 1  to 2 8 ± 4 ° C )  a nd ( 1 9 - 2 9 . 8  ° C )  , 
respect i vely , brought about higher seed l i ng growth rate . An 
average i ncrease in shoot he ight of 1 . 3  rom/ day was observed 
for seed l i ngs subj ected to 2 0  ppt sa l in ity , wh ich was 
approx imate l y  5 0 %  of the seawater s a l i n ity preva i l i ng i n  the 
U . A . E .  water s . Such observa t i ons agreed w i th those o f  
Jashimudd i n  Kar im e t . al . ( 1 9 9 3 ) who reported greatest 
i ncreases in most of the growth parameters o f  the mangrove 
A .  marina seed l ings wh ich were watered w i th 5 0 %  s eawater 
besides a stem he ight increase of 0 . 8  rom/ day , dur i ng a 4 5 -
day exper iment . 
Subj ect ion o f  A .  marina seed l i ngs to d i f ferent 
s a l i n i t i e s  o f  the i ndoor and outdoor areas ind i cated that 
shoot he ight decreased with the i ncrea se i n  s a l i n ity o f  the 
med i um . S im i lar results were reported by c i ntron e t . al . 
( 1 9 7 8 ) , who observed a s ig n i f icant negat ive corre lat i on 
between the mangrove tree he ight ( Rhi zophora sp. ) and s o i l  
s a l i n ity dur i ng a study carried out i n  Puerto Rico and 
adj acent i s lands . I t  can be expected that the energy lost 
dur i ng respiration of pl ants shou ld be h igher a t  h igher 
s a l i n i t i e s  ( Von W i l lert 1 9 7 0  and Lugo e t . al . 1 9 7 5 )  wh ich i n  
turn reduces t h e  energy ava i lable f o r  deve l opmenta l 
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processes , lead i ng to stunted , dwarf trees . Under these 
h igh sa l i n ity cond i t ions , Burns ( 1 9 7 5 )  and H i cko e t . al . 
( 1 9 7 5 )  reported a decrease i n  transp irat i on and net 
product ivity . I n  the present study under the i ndoor low 
temperature cond i t ions , seed l ings o f  6 0  ppt sa l in ity l eve l 
were a l ive for about two months only a nd the seed l i ngs 
subj ected to 8 0  ppt a nd 1 0 0  ppt s a l i n i t i e s  were unabl e  to 
w i  thstand the salt stress . Under outdoor cond i t ions , 
however , the seed l i ng subj ected to 8 0  ppt showed retarded 
growth and those o f  1 0 0  ppt l eve l surv ived about two months 
only . Ba l l  ( 1 9 8 8 ) ind icated that a s  the seed l ing matures 
and uses up its reserves , its s a l i n ity tol erance decreases . 
Macnae ( 1 9 6 8 )  has invest igated the s a l i n ity hard i ness o f  
mangroves i n  W e s t  Pac i f i c  reg i on a nd reported that dwa r f  and 
stunted growth of A. marina were observed in s o i l  having 
s a l i n ity over 90 ppt . c i ntron e t . al . ( 1 9 7 8 ) found more 
dead than l iv i ng red mangrove trees ( Rhizophora mangl e )  
where interst i t i a l  so i l  sa l i n i t ies exceeded 6 5  ppt . Teas 
( 1 9 7 9 )  reported dwarfed and gnar led b l ack and wh ite 
mangroves occur r i ng i n  F lorida at 80 ppt so i l  sa l in ity . 
The average number of roots per seed l ing under i ndoor 
and outdoor cond i t ions tended to decrease w i th i ncreas ing 
s a l i n ity o f  test s o lut ions . The average l ength o f  roots 
measured for seed l ings grown under outdoor shaded cond i t ions 
showed an i ncrease from sa l in ity leve l s  0 . 5  to 4 0  ppt wereas 
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at 6 0  ppt it was reduced apprec iably . I n  th i s  regard , 
Jash imudd i n  Kar im e t . ai . ( 1 9 9 3 ) observed an increase i n  
root l ength of A. marina w i th i ncreas i ng s a l i n ity upto a 
seawater concentrat i on equa l to 7 5 %  o f  seawater . 
The average number o f  l eaves per seed l ing under i ndoor 
cond i t ions reached its max imum w i th 0 . 5  ppt sa l in i ty , 
whereas under outdoor cond i t i on s  seed l ings atta ined the 
max imum number of l eaves with 10 ppt and 2 0  ppt l eve l s  
( Ta b l es 1 2  a nd 1 8 ) . The average l e a f  area at the second 
node o f  the p l ant increased from 0 . 5  to 2 0  ppt sa l in ity 
l eve l in e ither i ndoor or outdoor experiment s . The maximum 
average l e a f  surface area was 1 0 . 8  cm 2 at the second node 
under i ndoor l ow temperature cond i t i on s , in both 1 0  and 2 0  
ppt s a l i n i ty l eve l s , wh i l e under outdoor shaded cond i t i ons 
the l argest p l ants atta i ned an average o f  as much as l e a f  
a r e a  of 3 0 . 1 cm 2 w ith 2 0  ppt l eve l , wh i ch i s  a lmost ha l f  the 
s e a  water concentrat ion . Accord i ng to Kar im e t . ai . ( 1 9 9 3 ) , 
a max imum i ncrease o f  l e a f  area per p lant ( 3 2 . 2  cm2 ) was 
observed i n  p lants irr igated w i th 5 0 %  sea water . I n  
s a l i n i t i e s  h igher than 2 0  ppt , the average l e a f  area o f  the 
s eed l i ng s , in e ither i ndoor or outdoor cond i t i ons , decreased 
w ith the i ncrease i n  s a l in ity . G i berto ( 1 9 9 3 ) reported a 
decrea se i n  l e a f  l ength w i th the increase i n  i ntersti t i a l  
s a l i n ity , wh i le study i ng three ma i n  mangrove spec i e s  i n  the 
C a r i bbean name ly ; A. germinans ( b lack mangrove ) , Rhi zoph ora 
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mangl e  ( red mangrove ) and L .  racemosa ( wh ite mangrove ) . 
Lugo a nd Snedaker ( 1 9 7 4 ) showed that mangrove l ea f  l ength 
was i n f l uenced by stresses , such as s a l i n ity . 
H i gher mo isture content was atta ined by roots than 
e ither stems or l eaves under both i ndoor and outdoor 
cond i t ions . However ,  a n  i nverse corre lat ion was observed 
wi th s a l i n ity of the growing med i um where the moi sture 
content decreased w ith the increas ing sa l in ity . 
The max imum tota l chlorophy l l  content o f  the seed l i ng 
leaves ( 8 . 2 8 6  mg/ l )  was observed at 0 . 5  ppt s a l i n ity l eve l 
under i ndoor cond i t i ons , whereas the l e a f  ch l orophy l l  was 
max imum ( 1 2 . 3 4 9  mg / l )  i n  2 0  ppt l eve l under outdoor shaded 
cond i t ions . The seed l i ngs i n  these s a l i n ity l eve l s  showed 
better growth cond it ions such as h igher shoot he ight , number 
of l eaves and l e a f  area . 
EXPERIMENTS NO . 5 and 6 :  F i e l d  stud i e s  on a s lop i ng beach : 
The percentage o f  seedl ing emergence decreased from 
1 0 0 %  i n  the f irst one meter d i stance to about 3 5 %  at about 
f ive meters away from the seawater l ine on the s lop ing 
beach . The resu l t  o f  the two exper iments carried out on the 
s lop i ng beach ( s lope rate of 4 . 5 % )  were quite comparable 
w ith respect to the growth parameters .  Surviva l o f  seedl i ng 
was restr i cted to about f ive meters d i s tance from the water 
l i ne . The surviva l rate , shoot he ight , number o f  l eaves a nd 
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number o f  branches per pl ant tended to decrease w ith further 
d i stances from the low water l ine upwards . Eva luat ion of 
the cond it ions when the seedl ings were about four months o ld 
i n  both exper iments i nd i cated that the average shoot he ight 
was about 22 cm , and the number of l eaves per p lant was 1 0  
for the f irst one meter d i stance from the low t ide l eve l . 
No pub l i shed data are ava i l able on the growth o f  A .  marina 
w i th respect to d i stances from the water l ine for 
compa r ison . 
Ghowa i l  e t . 
h e i ght of 2 0 . 6  cm 
seawater a fter 3 
al . ( 1 9 9 3 )  observed an average shoot 
o f  A. marina seed l ing grown in 1 0 0 %  
months from the p l ant i ng date . The 
surviva l rate of seed l ings in the s lop ing beach decreased 
gradua l ly from 1 0 0 %  at the low t ide l evel to about 2 3 %  at a 
d istance o f  about f ive meters towards the onshore d i rect ion . 
A max imum average shoot he ight i ncrease per day o f  0 . 2 4 cm 
wa s observed i n  the f irst one meter d i stance from l ow water 
in 4 4  days a fter sowing . The rate of p l ant growth was 
decreas ed w i th t ime , as  the increase of shoot he ight was 0 . 1 
cm / day only when seedl i ngs were about 3 7 7  days o ld . A l so , 
the s e ed l i ng growth rate decreased w i th further d i stances 
from the sea water l ine . The probable reason for the 
morta l ity of seed l i ngs beyond f ive meter d istance from the 
l ow t ida l l eve l cou ld be due to the depth o f  water table 
wh i ch was observed to be deeper than 4 0  cms from the ground 
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l eve l . I n  th i s  respect Thorn , ( 1 9 6 7 ) reported that mangroves 
responded to very s l ight e l evat ion d i f ferences . As the 
beach e levat ion became h igher , sa l in ity of ground water 
became a l so h igher due to poor i nundat ion wh ich aga in can be 
attr ibuted to unfavourable cond i t ions for p lant surviva l and 
growth . At h igh ground l eve l where seawater does not o ften 
corne even at h igh t ide , i s  unsuitable for a f f orestat ion , 
because the s o i l  s a l i n ity i s  h igh and underground water 
l eve l is deep ( Suda et. al . 1 9 9 0 ) . Semen iuk ( 1 9 8 3 ) has 
i nves t igated the s a l i n ity var iat ion from the sea i n land in 
a mangrove forest under arid c l imat i c  cond i t ions of 
Northwes t  Austra l ia and noted that the s o i l  s a l i n ity o f  the 
e levat i on lower than the mean neap t ide d id not become 
concentrated because of frequent i nundat ion . Aga i n  Peng and 
X i n -men ( 1 9 8 3 )  reported that Kande l i a  candel showed v i gorous 
growth in s o i l  s a l i n ity rang i ng from 7 to 2 1  ppt , but 
abnorma l ity i n  b l ooming took p lace between 2 5 . 6  and 3 7 . 4  
ppt . Ka zuh iko Ogino ( 1 9 9 3 ) stated that so i l  s a l i n ity m i ght 
cause a l etha l l im i t  to any mangrove p lant . However , i n  the 
present study , sa l i n i ty data from the ' we l l '  water suggested 
that the f ive meter stretch o f  beach extend ing upwards from 
the l ow t ida l l ine might be subj ected to frequent a nd 
pro l onged i nundat ion whereas the sa l i n ity o f  ground water 
beyond th i s  area up to about nine meters was very h i gh ( 7 5  -
8 4  ppt ) due to evaporat ion and poor i nundat i on . 
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The percentage of mo isture content o f  roots was higher 
than stem , and the latter conta ined more mo i sture than the 
lea f . These resu lts agreed w i th those found by Jayasekera 
( 1 9 8 8 )  who reported 8 0 . 1 , 6 3 . 4 ,  and 7 6 . 6 % moi sture for root , 
stem and l e a f  respect ive ly , i n  Rhi zophora mangl e .  The 
mo i sture content of root , stem a nd l e a f  in A. marina 
decrea sed from the low t ida l l eve l towards the upward s l ope 
of the beach . 
I n  a recent study o f  mangroves i n  a 
environments , C l ough and S im ( 1 9 8 9 )  
wide range o f  
f ound that 
photosynthet i c  rates and stomata l conductance both decreased 
l i nearly w ith i ncrea s ing s a l in ity and w i th i ncreas ing vapour 
pressure de f ic i t . A s ig n i f icant negative corr e l a t ion ( r= -
0 . 8 8 ,  P < 0 . 0 5 )  between chl orophy l l  ( Y  mg j l )  and sa l i n i ty ( S  
ppt ) o f  t ida l water wa s obta ined by Jana T . K .  e t . al . 
( 1 9 9 3 ) , wh i l e  study i ng the pr imary product i on o f  Sundarban 
mangrove forest i n  West Benga l ,  I nd i a , and the regre s s ion 
equat ion ca lculated by them was Y = 1 6 . 9 8 - 0 . 6 1xS . 
S eed l ings near the sea- water l ine showed h igher 
values of tota l chlorophy l l  ( 1 4 . 8 5 6  mgj l )  wh ich decreased 
s ign i f icantly w i th i ncrea s i ng d i stance from the low water 
l i ne , wh i ch can be corre lated we l l  w i th growth parameters . 
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EXPERIMENT NO . 7 :  F I ELD STUD I ES ON A FLAT BEACH 
Seed l i ng emergence was observed to take p lace up to a 
d i stance o f  about 1 9  meters i n  the l andward d i rection from 
the s eawater l i ne . The h igh s a l i n ity o f  interst i t i a l  water 
( >  5 0  ppt ) a nd the depth of water table in th i s  area ( 4 5  cm ) 
at low t ide cou ld be the probable reasons for restr i c t i ng 
the seed l i ng emergence a nd survival upto 1 9  meters from the 
sea water l i ne . I t  was observed that the seed l ing surviva l 
extended on th i s  f lat beach about four t imes more than that 
observed on the s loping beach due to more frequent 
i nundat i on as a result of the lower beach e l evat ion in the 
f l a t  beach ( Exper iment No . 5 and 6 ) . When the percentage of 
surv i v i ng seed l i ngs were averaged for each set of f ive 
transect s , the surviva l rates observed a fter 3 2 6  days of the 
exper iment for every f ive meter d i s tance from the seawater 
l i ne were 7 6 . 3 ,  3 5 . 2 ,  3 3 ,  and 7 . 9 % ,  respect ively , in the 
landward d i rect ion . I n  genera l , the best growth rate was 
observed w ith seedl i ngs c lose to the seawater l ine and the 
growth rate decrea sed gradua l ly landward . Th i s  was 
ind icated by the resu lts of the observat ions made 5 3 7  days 
after sow i ng the s eeds where the average shoot height 
decreased from 3 7 . 8  to 1 2 . 5  cm , average s tern th i ckness from 
1 1 . 7  to 5 . 5  rom ,  average number of l eaves from 5 5 . 7  to 8 a nd 
the average l e a f  area from 1 3 . 9  to 1 . 6  cm2 from the seawater 
l i ne to a d i stance of 19 m in the landward d i rect ion . 
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Retardat ion of seed l i ng growth landward cou ld be 
attr i buted to the decrease i n  the i nundat ion frequency and 
the h i gher sa l in ity cond i t ions o f  the ground water . 
The moi sture content o f  the root was found to be higher 
than the s t e m  or the l e a f  of the seedl ings and decreased 
w i th i ncrea s i ng d i stances from the sea-water l ine . 
The average tot a l  ch lorophy l l  of 2 . 2 5 9  mg / l  was 
observed for the seed l ings grown i n  the f i rst f ive meter 
d i stance from the seawater l ine wh ich decreased w i th 
d i stance from the s e a -water l ine towards onshore d i rect ion . 
The average chlorophy l l  va lue for the seed l i ngs at a 
d i stance o f  1 5  to 1 9  meters wa s only 0 . 3 9 8  mg / l .  The total 
ch lorophy l l  content can be cons idered a s  a good i nd i cator 
for A .  marina growth . I n  th i s  regard , Patterson e t . al . 
( 1 9 9 3 )  i nd i cated that the d i ameter growth , he ight growth and 
the shoot and root b i omas s  of Avi cenni a  transp lants were 
s ig n i f i cantly lower in Spartina zones than the Avi cennia 
z one i n  a manga l salt marsh community . 
S O I L  O F  THE F I ELD STUDY AREA 
The s o i l  texture of the f ie l d  study area was sandy 
s ince the percentage of sand fraction was between 9 4  and 9 6 %  
i n  the s lop i ng beach , and ranged from 9 3  t o  9 8 %  i n  the 
f lat beach . The bu lk dens ity of the sed iment i n  the s loping 
beach was between 1 .  2 6  and 1 .  5 6  g / cm3 , wh i l e  i t  ranged 
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betwee n  1 . 3 2 to 1 . 7 1  g / cm3 i n  the f l at beach f ie ld study 
area . The s o i l  pH o f  the s lop ing beach ranged between 8 . 1  
and 8 . 3 , whereas that o f  f l at beach var i ed between 8 . 4  and 
9 . 0 . The encountered pH h igh values might be due to the 
h igh c a l c i um carbonate content of the so i l  samp les . 
Chemica l ana lys i s  ind i cated the dom i nance of sod ium ( between 
4 0  and 7 5 . 4  meq / L ) among the const ituents of the soi l . Very 
h igh percentage of tot a l  ca lc ium carbonate ( between 7 6  a nd 
8 7 % )  was found i n  a lmost a l l  s o i l  samp les , probably due to 
the e normous quant i ty o f  she l l  fragments i n  the area . 




The present study ind icated a t ime lag of about 3 0 % in 
seed l i ng emergence under i ndoor low temperature cond it ion 
( 1 9 ± 1 ° C ) , wh ich requ ired about 2 8  days compared to that 
under outdoor shaded cond i t ion ( 1 9 ± 1  to 2 8 ± 4 ° C ) , wh i ch took 
about 2 0  days . Seeds sown under h igh sa l ine water ( sa l i n ity 
> 4 0  ppt ) d id not emerge e i ther under i ndoor or outdoor 
cond i t i ons . w i th respect to the shoot he ight data , the best 
seed l ing growth under indoor low temperature cond i t ion was 
observed at 0 . 5  ppt , whereas 2 0  ppt s a l i n ity test solut ion 
( 5 0 %  sea- water s a l i n ity ) gave the best p lant growth under 
the outdoor shaded cond it ion . 
H i gher average growth rate in shoot he ight was found under 
outdoor shaded cond i t ions at a l l  s a l i n ity leve l s  where the 
seed l i ng s  survi ved . A maximum shoot he ight i ncrease per day 
of 0 . 4  rom was observed at 0 . 5  ppt s a l i n ity under i ndoor 
condi t ion , whereas maximum shoot he ight increase of 1 . 3  
rom/ day was noted at 2 0  ppt s a l i n ity under the outdoor 
cond i t ions . 
I n  genera l ,  the average number o f  roots o f  mangrove 
seed l ings showed a decreas i ng tendency w ith increas ing 
s a l i n ity under both i ndoor and outdoor cond i t i on s . The 
max imum root l ength of a seed l ing appeared to increase w i th 
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i ncrea s i ng sa l in ity under outdoor shaded cond i t ions up to 4 0  
ppt s a l i n ity l eve l . 
I n  assoc i a t i on w ith the trend i n  seed l i ng growth , the 
max imum average number of l eaves per p l ant ( 5 . 1 )  was 
observed w ith 0 . 5  ppt sa l inity under i ndoor cond i t i on , whi le 
the p l ant grown at 1 0  a nd 2 0  ppt s a l i n ity l eve l s  under 
outdoor cond i t ions had the max imum average number of leaves 
( 6 . 2 ) • 
P l a nt s  grown under the i ndoor low temperature had 
sma l ler l eaves compared to those under outdoor shaded 
condi t i ons . Maximum average l e a f  area o f  1 0 . 8  cm2 was 
observed under i ndoor cond i t ions , w i th p l ants at 10 ppt and 
2 0  ppt sa l i n ity leve l s , wh i l e  the correspond i ng l e a f  area 
wa s 3 0 . 1  cm2 w i th p lants at 2 0  ppt sa l in ity l eve l under 
outdoor shade cond i t ions . 
At h i gher s a l i n i ty l eve l s  ( sa l i n ity > 4 0  ppt ) , the 
surv i va l rate o f  seed l ings was reduced w i th i ncreas ing 
s a l i n ity and t ime . 
The seed l ing emergence , surviva l and growth o f  mangrove 
on a s l op i ng beach were inf luenced by environmenta l factors 
such as the d i s tance from seawater l ine , depth o f  water 
table and s a l i n ity o f  ground water . The percentage of 
seed l i ng emergence decreased progress ive ly from 1 0 0 %  near 
the seawater l ine to about 3 5 %  at a d i stance o f  about f ive 
meters away from the low seawater l ine . Resu lts o f  the two 
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f i e ld exper iments conducted on a s l op ing beach indicated 
that when mangrove seedl ings reached four months o l d  the ir 
shoot height became 22 cm and had an average about 10 
l eaves . Most of growth parameters of the seed l ings 
decreased w i th d i stance from the seawater l ine , and 
seed l i ngs surv i va l was observed up to a d i stance o f  about 
f ive meters only from the water l ine . S a l i n ity of ground 
water was more than 5 0  ppt a fter a d i stance of about f ive 
meters from the sea - water l ine . The rate o f  increase of 
s eedl i ng shoot he ight showed a l s o  a decrea s i ng tendency w i th 
further d i stance from the seawater l ine , s ince the growth 
rate was 0 . 1 0 and 0 . 0 3 cm/ day at one a nd f ive meters 
d i stance from the seawater l i ne , respect ive ly , a fter 3 7 7  
days from sow i ng . 
I n  the case of f lat beach , the seed l ing surviva l was 
observed up to a landward d i stance o f  about 2 0  meters from 
the shore l ine . The survi va l rate reduced gradua l ly from 
8 8 . 7 % near sea water l ine to 3 . 2 % at about 2 0  meters away on 
the landward s ide of the beach when they were 3 2 6  days old . 
The depth o f  water table was 4 5  cm observed dur i ng the low 
t ide at 2 0  m d i stance from the seawater l ine . I n  genera l , 
most o f  the p lant growth parameters such a s  shoot he ight , 
stem th i ckness and number of leaves decreased w i th 
i ncreas ing d i stances from the seawater l ine . 
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The moisture content of the root was h i gher than that 
of the shoot or l e a f  in a l l  exper iments conducted . I n  
i ndoor and outdoor experiments ( Exper iment No . 3  a nd 4 ) , the 
percentage mo isture content decreased w i th i ncrea s i ng 
s a l i n ity l eve l s  o f  the medi um . Whi le i n  the f i e ld , the 
mo i s ture content showed a decreas ing t endency w i th further 
d i stance from the sea-water l ine . 
The chlorophy l l  content o f  mangrove leaves was max imum 
( tota l chl orophy l l  8 . 2 8 mg / l )  in p l ants grown at 0 . 5  ppt 
s a l i n ity l eve l in the i ndoor exper iment , whereas maximum 
average tota l ch l orophy l l  of 1 2 . 3 4 9  mg/ l was found in p lants 
w i th 2 0  ppt s a l i n ity under outdoor shaded cond it ion . Such 
s a l i n ity l eve l s  gave the opt imum p l ant growth as observed in 
the respec t i ve cond i t i ons . I n  the f ie ld , the l e a f  
chlorophy l l  o f  A .  marina decreased w i th further d i s tances 
from the seawater l ine i n  both s loping and f lat beach area s . 
Tot a l  ch lorophy l l  o f  mangrove leaves decreased from 1 4 . 8 5 6  
t o  1 . 0 7 4  mg / l  from one meter t o  f ive meter d i stance f rom the 
seawater l ine on the s lop ing beach , wh i l e  the correspond ing 
va lues decreased from 2 . 2 5 9  to 0 . 3 9 8  mg/ l from low t ida l 
l eve l to a d i stance o f  about 1 9  meters from sea-water l ine 
on the f l at beach , sugges t i ng a negative corr e l at ion between 
sa l i n ity and productivity of A .  marina . 
I n  genera l ,  the so i l  o f  the f ie ld study areas o f  the 
s l op i ng and f lat beaches had a lmost s im i lar phy s io-chem i c a l  
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character i s t ics . The texture of the so i l  was sandy , s ince 
the sand fraction was h igher than 9 3 %  in a l l  samp les 
ana l y z ed . The bu lk dens i ty o f  the sed iments was between 1 . 3  
and 1 . 7  g j cm3 • The c a l c i um carbonate content o f  the so i l  
was h igh ( 7 5 . 6  - 8 6 . 8 % ) , and the pH var i ed between 8 . 1  and 
9 . 0 .  H igh amount o f  sod ium was observed i n  the s o i l wh ich 
ranged between 4 0  a nd 7 5 . 4  meq j L .  
S ince the mangrove growth was observed up to about 5 m 
d i stance from the seawater l ine on the s lop ing beach , and up 
to 19 m on the f lat beach where s o i l  mo isture and the water 
tab l e  depth were a lmost the same on both beaches , about 
1 0 . 3 % and about 4 5  cm respective ly, a corre lat ion may 
e x i st between s o i l mo isture content , depth of water tab le 
and mangrove seedl ing surviva l and growth . 
1 1 3  
LITERA TURE CITED 
LITERATURE CITED 
1 )  Abd As-Sa lam , A . A .  Pattern of c l imat i c  and 
vegetation . Chapter 3 I n : The united Arab Em irates ,  
A comprehe n s i ve survey study, ( 1 9 7 8 ) pp . 1 5 9 - 1 9 7  ( In 
Arabi c )  . 
2 )  Al bert , R .  S a l t  regulat ion i n  ha l ophytes .  
Oeco logia 2 1  ( 1 9 7 5 ) : 5 7 - 7 1 . 
3 )  Al i ,  R . M  and Cher ian , T .  Environmenta l cond i t ions 
of the coasta l waters o f  the United Arab Emirates 
dur ing 1 9 8 2 . Tech n i c a l  Report No . 9  ( 1 9 8 3 ) , 
Department o f  F i sher i es , M i n istry o f  Agr i cu l ture and 
F i sher i e s , U . A . E .  
4 )  A l l en , S . E ; Gr imShaw , H . M ;  Park inson , J . A .  a nd 
Chr i stopher Quarmby . Chem i ca l ana lys i s  o f  eco l ogica l 
mater i a l s . S .  E .  A l l en ( ed . ) ( 1 9 7 4 ) . 
5 )  Atk i nson , M . R ;  F indlay , G . P ; Hope , A . B ;  P itman , 
M . G ;  Sadd l er , H . D . W .  and Wes t , K . R . S a l t  regu lation 
i n  mangrove Rh i z ophora macronata Lam . and Aegi a l i t i s  
annu l ata R . Bv .  Aust . J . B i o l . Sc i  2 0  ( 1 9 6 7 ) 5 8 9 - 5 9 9 . 
6 )  B a l l ,  M . C .  Ecophy s i o l ogy of mangroves .  Trees : 
Structure and Funct ion 2 :  1 2 9 - 1 4 2  ( 1 9 8 8 )  Spr inger­
Ver lag . 
1 1 5  
7 )  Ban i j batana , D .  Mangrove forest in Tha i l and . Proc . 
9 ili  Paci f .  S c i . Co . gr .  Bangkok , ( 1 9 5 8 ) 2 2 - 3 4 . 
8 )  Boto , K . G .  Nutr ient and organic f luxes i n  
mangroves . I n :  Mangrove Ecosystems of Austra l i a :  
Structure , Funct ion and Management ( B .  F .  C lough ed . ) 
Austra l ian Nat i ona l Univers ity press , Canberra pp . 
2 3 9 - 2 5 7 ( 1 9 8 2 ) . 
9 )  Burns , L . A .  Ecosystem mode l s  o f  mangrove 
commu n i t i e s  in B i s cayne Bay . I n : A .  Phorhaug & A .  
Volker ( eds ) . B i scayne Bay : Past-Present- Future , 
Spec i a l  Report No . 5  ( 1 9 7 5 )  pp . 1 1 3 - 1 3 2 , Univ . of 
M i am i , Sea Grant Programme , M i am i , Flor ida . 
1 0 )  Carter , M . R ; Burus , L . A ;  cavi nder , T . R ; Dugger , K . R ; 
Fore t P . L ; H i cks , D . B ;  Reve l l s , H . L . and Schm idt , 
T . V .  Ecosystem ana lys i s  o f  the big Cypres s  Swamp and 
estuar i e s . U . S . Env i ronment a l  protect i on Agency 
Reg ion IV ( 1 9 7 3 )  At lanta , Ga . 
1 1 )  Chapman , V . J .  Mangrove biogeography . I n : Proc . 
I nt I . Syrnp . B i o l ogy and Management of Mangroves ,  
V o l  1 ( 1 9 7 5 )  pp 3 - 2 2 . I ns t i tute of Food and Agr i c . 
S c i . Un i . F lor i da . 
1 2 ) Chapman , V . J .  Mangrove vegetat ion . J .  Cramer 
4 4 7  pp . ( 1 9 7 6 )  . 
1 3 ) Chapma n , V . J .  I ntroduct ion . I n : V . J . Chapman ( ed . ) 
1 1 6  
Ecosystems of the wor l d «  Wet coasta l Ecosystems 
Vo l . l  ( 1 9 7 7 ) pp 1 - 2 9 . E l sevier . Sci . Publ . Co . 
Amsterdam . 
1 4 ) Chr i stensen , B .  B i omass and pr imary produc t i on of 
Rh i zophora api cu l ata 8 1 .  i n  a mangrove i n  Southern 
Tha i l and . Aquat ic Botany 4 ( 1 9 7 8 )  4 3 - 5 2 . 
1 5 )  C i ntron , G j  Lugo , A . E j  Poo l , D . J .  a nd Morr i s , G .  
Mangroves of arid envi ronments in Puerto Rico and 
adj acent i s lands . B i otropi ca 1 0  ( 1 9 7 8 )  1 1 0 - 1 2 1 .  
1 6 )  C l ough , B . F . Constra i nts on the growth , propagat ion 
and ut i l i zat ion of mangroves i n  arid regions I n :  
H . Li eth and A . AI Masoom ( eds ) : Towa rds the rat iona l 
use o f  h igh sa l i n ity t o l erant plants , Vo l .  1 ( 1 9 9 3 ) 
3 4 1 - 3 5 2 . Academ i c  Pub l i shers , The Netherlands . 
1 7 ) C l ough , B . F .  and S im ,  R . G .  Changes i n  gas exchange 
character i st ics and water use e f f ic iency of 
mangroves i n  response to s a l i nity and vapour 
pressure d e f i c i t . Eco logy 7 9 : 3 8 - 4 4  ( 1 9 8 9 ) . 
1 8 ) C l imato log i c a l  Data Vol . 3 .  M i n istry o f  Agr icu lture 
and F i sher i e s , Government o f  united Arab Emirates 
( 1 9 9 3 ) . 
1 9 ) Co l l ette , B . B .  Mangrove f i shes o f  New Guinea i n  
Tasks for Vegeta t i on S c i ence ( eds ) H . J .  Teas Vo l . 8 
( 1 9 8 3 ) . 
2 0 )  Cra ighead , F . C .  Land , mangroves a nd hurricanes . 
1 1 7 
Fa irch i ld Trop . Garden Bu l l . 1 9  ( 1 9 6 4 ) 5 - 3 2 . 
2 1 )  curt i s , A . H .  How the mangroves form i s lands . 
Garden and Forest , 1 ( 1 8 8 8 ) 1 0 0 . 
2 2 )  Dagar , J . C ; S i ngh , N . T .  and Mong i a , A . D .  
Characte r i s t i cs o f  mangrove s o i l  and vegeta t i on of 
Bay I s lands i n  I n d i a . I n : H . Lieth and A . AI Masoom 
( eds . ) :  Towards the rat i ona l use of h igh sa l i n i ty 
to l erant plants , Vo l . 1  ( 1 9 9 3 ) 5 9 - 8 0 . 
2 3 )  Davies , J . H . Jr .  Mangroves o f  land . Nature Mag . 3 1  
( 1 9 3 8 )  5 5 1 - 5 5 3 . 
2 4 ) Day , P .  ( 1 9 6 5 )  Part i c l e  fract iona t i on and part i c l e  
s i z e  analys i s ,  pp . 5 4 5  - 5 6 7  i n : C . A .  B l ack ; D . D .  
Evans ; L . E .  Ensn i nger ; F . E .  C lark and J . L . Wh i te , 
eds . Methods o f  s o i l  ana lys i s  - Amer ican Soc iety o f  
Agronomy , Mad i son , W i scons i n , U . S . A .  
2 5 )  De La Cru z , A . A .  and Banaag , D . F .  The ecology o f  a 
sma l l  mangrove patch i n  Matabungkay beach , Batagas 
Provi nces . Natura l and Appl i ed Sc i ence Bu l l et i n  2 0  
( 1 9 6 7 )  4 8 6 -4 9 9 . 
2 6 )  Embabi , N .  S .  Env ironmenta l aspects o f  geograph i c a l  
d i str i but ion of mangrove i n  the United Arab 
Em i rates .  I n : Li eth , H .  and A . AI Masoom ( eds . ) .  
Towards the rat i ona l use o f  h igh sa l i n ity t o l erant 
pl ants . Vol . 1  ( 1 9 9 3 ) 4 5 - 5 8 . 
1 1 8 
2 7 )  Evans , G ;  Murray , J . W ;  B iggs , H . E . J i  Bate , R .  and 
Bush , P . R . The oceanography , sed imentology and 
geomorpho logy of parts of the Tru c i a l  Coast Barr ier 
I s land Comp l ex , Per s ian Gu l f , I n : B . H . Purser ( ed . ) 
The Pers ian Gu l f , ( 1 9 7 3 ) pp . 2 3 3 - 2 7 7 , Spr i nger 
Ver lag , B i r l in-Heidelberg . 
2 8 )  Farrant , J . M ; Perj ak , P and Pammenter ,  N . W ; stud i e s  
on t h e  deve lopment o f  t h e  des i cat ion - sen s i t ive 
reca l c itrant seeds of A .  marina Forssk . Vierh . The 
acqu i s i t ion of germ inab i l ity and response to storage 
and d ehydration . Anna l s  of Botany ( Londo n )  ( 1 9 9 3 ) 
7 1 :  4 0 5 - 4 1 0 .  
2 9 )  Ghowa i l , S . I ;  Abd e l -Monem , A . M ;  E I -Ghamry , W . M .  and 
Saber , N . E . Prel iminary stud ies on the e f fect of 
d i f f erent sa l in ity l eve l s  on emergence , growth and 
anatomy o f  mangrove Avi cennia marina , I n : H . Li eth and 
A . A l Masoom ( eds . ) : Towards the rat i ona l use o f  h igh 
sa l i n i ty tol erant plants « Vo l . 1 ( 1 9 9 3 )  2 3 7 - 2 4 4 . 
Academ i c  Pub l i shers , The Netherl ands . 
3 0 )  G i l berto C .  M .  Mangroves of arid regi ons o f  Puerto 
Rico and the Caribbean . I n : H . Lieth and A . Al Ma soom 
( eds . ) :  Towards the rat i onal use of h igh s a l i n i ty 
tol erant plant s , Vol . 1 ( 1 9 9 3 ) 1 1 7 - 1 2 2 . Academ i c  
Publ i shers , The Nether lands . 
1 1 9  
3 1 )  Go l l ey , F ;  Odum , H . T ; W i l son , K .  The structure and 
metabo l i sm of a Puerto Rican red mangrove forest i n  
May . Ecol ogy . 4 3 : 9 - 1 9  ( 1 9 6 2 ) . 
3 2 )  Go l l ey , F . B ;  Mc G inn i s ,  J . T ; C l ements , R . G ;  Chi ld ,  
G .  I .  and Duever , M . J .  M i nera l cyc l i ng i n  a Trop ica l 
Mo i st Forest Ecosystem , Univers ity o f  Georg i a  Press , 
Athens Ga , ( 1 9 7 5 )  2 4 8  pp . 
3 3 )  Ha lwagy , R .  and Macksad , A .  A Contribution towards 
a f lora o f  the state o f  Kuwa i t  and Neutra l z one . 
Bot . J .  Limn . Soc . 6 5  ( 1 9 7 2 ) 6 1 -7 9 . 
3 4 )  Hera l d , E . J .  The production of orga n i c  detr i tus i n  
a South F l or ida estuary . Ph . D . D i s sertat ion . Univ . 
o f  M iami , F l a . ( 1 9 6 9 ) 1 1 0  pp . 
3 5 )  Hera ld , E . J .  The production o f  organic detr i tus i n  
a South Flor ida estuary . U n i  v .  M i am i S e a  Grant 
Tech . Bu l l . 6 .  ( 1 9 7 1 )  1 - 1 1 0 . 
3 6 )  Hera ld , E . J ;  Roess ler , M . A .  and Beards ley , G . L . 
L i tter product ion i n  a South west F lorida black 
mangrove commu n i ty . pp . 2 4 - 3 3  in proceed ings 
F l or i da ant imosqu ito assoc iat ion 5 0ili meet ing 
( 1 9 7 9 )  . 
3 7 )  H icks , D . B .  & Burns , L . A .  Mangrove metabo l ic 
response to a lterat ions of natur a l  fresh water 
dra i nage to South Western F lor ida Estuar i e s . I n : 
G .  Wa lsh ; S .  Snedaker & H .  Teas ( eds ) . Proc . I nt . 
1 2 0  
SymP . on B i o I . and Management of Mangroves ( 1 9 7 5 ) . 
pp . 2 3 8 - 2 5 5  Inst . Food Agr i . S c i . Univ . o f  F lor ida . 
3 8 )  H i tchcock , A . S .  A v i s i t  to West Indies . Bot . Ga z . 
( 1 8 9 1 ) 1 3 0 - 1 4 1 .  
3 9 )  I sma i l , N . S .  and Mohamed , A . E . A .  Macrobenthi c  
i nvertebrates o f  mangrove , Avi cenni a  marina 
( Forsska l ) , and o f  i ntert idal f lats o f  Khor Ka lba , 
U . A . E ,  Gu l f  o f  Oman . I n :  H . Lieth and A . AI Masoom 
( eds . ) .  Towards the rat i ona l use o f  h igh sa l i n i ty 
tol erant plants . Vo l . 1  ( 1 9 9 3 ) 1 5 5 - 1 6 1 . 
4 0 )  Jana , T . K ;  Choudhar i ,  R .  and Choudhary , A .  Net 
pr imary product ion , b i omass turnover and 
trans p i ra t i on e f f i c i ency o f  Porterasai coarctata 
Takeoka in Sundarbans mangrove swamps , I nd ia . 
H . L i eth and A . A I Ma soom ( eds . ) :  Towards the rati ona l 
use o f  h igh s a l in ity to lerant plants ,  Vo l . l :  1�1� 
( 1 9 9 3 ) . 
4 1 )  Jayasekara , L . R .  Growth character i s t i cs a nd uptake 
of m i nera l s  of the two mangrove spec i e s  Rhi zophora 
mangl e  L .  a nd Rhi zophora mueronata Lamk under 
d i f ferent environment a l  cond i t i ons . D i ssertat i on , 
Verof fent l ichungen der Naturforschenden Gese l l scha ft 
Zu Emden Von 1 8 1 4 . ( 1 9 8 8 ) . 
1 2 1  
4 2 )  Kapetsky , J . M .  Mangroves , f i sheries and 
aquacu lture . FAO F i sheri e s  Rep . 3 3 8  ( 1 9 8 5 ) Supp l : 
1 7 - 3 6 .  
4 3 )  Kar im , J .  a nd Kar im , A .  E f f ect of s a l i n ity on the 
growth of some mangrove p l ants in Bangladesh . In : 
4 4 )  
H . Lieth a nd A . AI Masooro ( eds . ) Towards the rationa l 
use o f  high s a l i n ity t o l erant plants . Vo l . 1  ( 1 9 9 3 ) 
1 8 7 - 1 9 2 . 
Kuen z ler , E .  J .  Mangrove swamp systems . 
eco logi ca l systems of the United 
I n :  coa sta l 
state s ,  the 
conservat ion Foundation,  Wa shington D . C .  1 ( 1 9 7 4 ) 
3 4 6 - 3 7 1 .  
4 5 )  Lieth , H .  and Barth , H .  Untersuchungen luber d i e  
Mog l i chke it zur E inr ichtung Von Mangroven f lanzungen 
i n  Kustenwusten . Verha ndlungen der Gese l l scha ft fur 
Oko l ogi e (19 8 3 ) . pp . 2 6 5 - 2 7 6  ( Festschr i f t  E l l enberg ) 
Band XI . 
4 6 )  Lugo , A . E i  Se l l ,  M .  and Snedaker , s . c . Mangrove 
ecosystem ana lys i s . Page 1 1 3 - 1 4 5 . I n : B . C . Patten 
( ed . ) System ana lys i s  and s imu lat ion in eco logy 
( 1 9 7 6 ) . Academ i c  Press , New York . 
4 7 ) Lugo , A . E .  and Snedaker , S . C .  The ecology of 
mangroves . Ann . Rev . Eco l . Syst . 5 :  3 9 - 6 4  ( 1 9 7 4 ) . 
4 8 )  Lugo , A . E i  Evink , G i  Br i nson , M . M ; Broce , A .  & 
Snedaker , S . c .  D iurna l rates o f  photosynthe s i s , 
1 2 2  
resp irat ion and transp irat ion in mangrove forests in 
South F l orida . I n : F . B .  Gol ley & E .  Medina ( eds . ) ,  
Trop i ca l  Eco l og i c a l  systems . pp 3 3 5 - 3 5 0  ( 1 9 7 5 ) . 
Spr i nger Verlag , New York . 
4 9 )  Lugo , A . E .  and Zucca , C . P .  The impact o f  low 
temperature stress on mangrove structure a nd growth . 
Trop .  Ecol . 1 8  ( 1 9 7 7 ) 1 4 9 - 1 6 1 . 
5 0 )  Lugo , A . E i Tw i l l ey , R . R .  and Patterson Zucca , C .  
The r o l e  o f  bl ack mangrove forests i n  the 
product ivity of coasta l ecosystems in South Flor ida . 
Report to E . P . A .  Corva l l is Envi ronment a l  Research 
Laboratory , Corva l l i s , Oregon . pp . 2 8 1  ( 1 9 8 0 ) . 
5 1 )  Macnae , W .  A gener a l  account o f  the fauna and f l ora 
of mangrove swamps and forests in the I ndo West 
Pac i f i c reg ion . Adv . Mar . B i o l . 6 ( 1 9 6 8 ) 7 3 -2 6 9 . 
5 2 ) Ma l l , L . P i  S ingh , V . P i  Garge , A and Pathak , S . M .  
Eco l og i c a l  stud i e s  o f  mangrove forests o f  R itch i e  I s 
arch ipelago i n  relation to substratum . Tropi ca l 
Ecology � ( 1 9 8 7 )  1 8 2 - 1 9 2 . 
5 3 )  Mann , K . H .  Product ion and use of detr itus i n  
var i ous fresh water , estuar ine a n d  coasta l mar ine 
ecosystems . Limno l .  Oceanogr . 3 3  ( 1 9 8 8 ) 9 1 0 -9 3 0 . 
5 4 ) Mc M i l lan , C .  Env ironmental factors a f fect i ng 
s e ed l i ng e stab l i shment of the black mangrove on the 
Centra l Texas Coast . Eco logy 52 ( 1 9 7 1 )  9 2 7 -9 3 0 . 
1 2 3  
5 5 )  Noakes , D . S . P .  Methods of increas i ng growth and 
obt a i n i ng natura l regenerat ion of the mangrove type 
in Ma lays . For . 1 8 :  2 3 - 3 0  ( 1 9 5 5 ) . 
5 6 )  Odum , W . E .  and Hera l d , E . J .  Troph ic ana lys i s  o f  an 
estua r i ne mangrove commun ity . Bu l l . Mar . S c i . 2 2  
( 1 9 7 2 ) 6 7 1 - 7 3 8 . 
5 7 ) Odum , W . E .  and Hera l d , E . J .  Mangrove forests and 
aquat i c  product ivity . Chapter 5 i n  an in�ction 
to land-water interactions . str i nger-Ver lag 
Eco log i c a l  study series . New York ( 1 9 7 5 ) . 
5 8 )  Odum , W . E ;  Mc I vor , C . C .  and Sm ith , T . J .  The 
e c o l ogy of mangroves of South F lorida : A community 
prof i l e .  u . S .  F i sh and W i ld l i f e  Serv i c e . O f f ice o f  
B i o log i ca l  Services , Wash i ngton , D . C .  FWS j OB S - 8 1 j 2 4  
( 1 9 8 2 ) 1 4 4  pp . 
5 9 )  Ogino , K .  Mangrove ecosystem as so i l , water and 
p lant i nteract ive system . I n : H .  Lieth a nd A .  Al 
Masoom ( eds . ) :  Towards the rationa l use of h igh 
s a l i n ity t o lerant p l ants . Vo l .  1 ( 1 9 9 3 ) pp . 1 3 5 -
1 4 3 . 
6 0 )  Pand ian , M .  " Ef fect of UV on qua l ity o f  black 
tea from Mangrove l eave s "  M . Sc .  D i ssertat ion ( 1 9 9 0 )  
Centre o f  Advanced Study i n  Mar i ne B io l ogy , 
Annama l a i  Univers ity , I nd i a . 
1 2 4  
6 1 )  Patterson , C . S ;  Mende l ssohn , I . A ;  and Swenson , E . M .  
Growth and surviva l of Avi cenni a  germinans seed l ings 
i n  a manga l s a l t  marsh community i n  Lou i s iana , 
U . S . A .  J . Coasta l Research ( 1 9 9 3 ) 9 ( 3 ) : 8 0 1 - 8 1 0 . 
6 2 ) Peng , L a nd X i n-Men Eco log i c a l  notes on the 
mangroves o f  Fuj i an , Ch ina . I n : H . J .  Teas ( ed . ) 
B i ol ogy and Eco logy o f  Mangroves ,  Ta sks for 
vegetat ion sc ience , Vo l . 8  ( 1 9 8 3 ) pp 3 1 - 3 6 . 
6 3 ) Ph i l ips , O . P .  How the mangrove tree adds new land 
to F lor i da . Jour . Geogr . N . Y .  2 ( 1 9 0 3 ) 1 0 - 2 1 .  
6 4 ) Poo l , D . J ;  Lugo , A . E .  and Snedaker , S . C . Litter 
production i n  mangrove forests of Southern Flor ida 
and Puerto Rico . Proc . I ntern . Symp . on the B i o logy 
and management of Mangroves 1 ( 1 9 7 5 )  2 1 3 - 2 3 7 . 
6 5 )  Purser , B . H .  a nd Evans , G .  Reg iona l Sed imentation 
a l ong the Truc i a l  Coast , S . E . Pers ian Gu l f , I n : 
B . H . Purser ( ed . ) ( 1 9 7 3 ) . 
6 6 )  Rabana l ,  H . R . and Beusche l ,  G . K .  The mangroves and 
r e l a ted coast a l  f i shery resources in the united Arab 
Emirates , Food and Agr i cu l ture Organ i z at ion of the 
United Nat i on s , Rome , I t a ly . ( 1 9 7 8 ) . 
6 7 ) Rosevear , D . R .  Mangrove Swamps . Farm and Forest . 8 
( 1 9 4 7 ) 2 3 - 3 0 .  
6 8 )  Ro z ema , J .  On the eco logy of some hal ophytes from 
a beach p l a i n  in the Nether lands . Ter . Verkr ij ging 
1 2 5  
Van deGradd van Doctor in De Wi skunde en natuurwtan­
Schappan . A an de Vr ije Un ivers iteit te Amsterdam 
( 1 9 7 8  ) 1 9 1 pp . 
6 9 )  Ruwa , R . K .  Zonation and d i stribut i on o f  creek and 
f r i nge mangroves in the semi arid Kenyan coast i n : 
H .  Le i th and A . Al Masoom ( eds . ) Towrads the rat iona l 
use o f  h igh s a l i n ity t o l erant p lants . V 1 ( 19 9 3 ) : 
9 7 - 1 0 5 . 
7 0 )  Saenger , E . J ;  Heger l ,  E .  J .  and Dav i e , J . D . S .  
( eds . ) G loba l Status o f  mangrove ecosystems . 
I nternational Union for the conservat ion o f  Nature 
and Natur a l  Resources , Comm i s s ion on Eco logy papers 
No . 3 ( 1 9 8 3 ) 8 8  p .  
7 1 )  S ch l eyer , M . H .  Decompos i t ion i n  estua r i n e  
ecosystems . J .  Limno l . Soc . S t h  Ar i .  1 2  ( 1 9 8 6 )  
9 0 - 9 8 . 
7 2 )  Scho lander , P .  F .  How mangrove desa l inate Sea water . 
Phys i o l . P l ant . 2 1  ( 1 9 6 8 ) 2 5 1 - 2 6 1 . 
7 3 )  S emeniuk , V .  Mangrove d i str ibut ion in Northwestern 
Austra l i a i n  r e l a t i onsh ip to regiona l and loca l 
fresh water Seepage . Vegetat ion 5 3  ( 1 9 8 3 ) 1 1 - 3 1 .  
7 4 )  Snedak e r , S .  C .  Mangroves : the i r  value and 
perpetua t i on . Nat . Resour . 14 ( 1 9 7 8 ) 6 - 1 3  UNESCO , 
Par i s . 
1 2 6  
7 5 )  Snedaker , S . C .  and Lugo , A .  The ro le o f  mangrove 
e cosystem in the maintenance of envi ronmenta l 
qua l i ty a nd h igh product i v ity of desirable 
f i sher i e s . At lanta Ga . U . S .  bureau o f  sport s , 
F i sher ies and w i ld l i f e . At l anta Ga ( 1 9 7 3 ) 2 6 3  pp . 
7 6 )  Soto , R .  and J imene z , J . H .  Ana lys i s  f i sonomico 
estructura l del manglar de Puerto Rico S o l ey , La 
Cru z , Guana Caste , Costa Rica . Rev . B i o l . Trop .  3 0  
( 1 9 8 2 ) 1 6 0 - 1 6 8 . C ited i n  Tom l i nson ( 1 9 8 6 ) . 
7 7 ) Stephens , W . M .  Trees that make land . Sea Front . 8 
( 1 9 6 2 ) 2 1 9 - 2 3 0 . 
7 8 )  Suda , S .  and A l -Kuwar i ,  S .  I .  A Research report on 
mangrove a f forestat i on of Qatar Dec . 1 9 8 8 -March 
1 9 9 0 . ( 1 9 9 0 )  Department o f  garden and parks , 
M i n i stry o f  Mun i c ip a l  A f fa irs and Agr i c u l ture . state 
o f  Qatar . 
7 9 ) S u z uk i , E .  and Tagawa , H .  B i omass o f  a mangrove 
forest and a sedge marsh on I sh igak i I s l and , South 
Japa n . Jap . J . Ec o l . 3 3  ( 1 9 8 3 ) 2 3 1 - 2 3 4 . 
8 0 )  Teas , H .  s i lv icu l ture w i th s a l ine water ( 1 9 7 9 ) 
pages 1 1 7 - 1 6 1 . i n  A . Ho l laender ( ed . ) The biosa l ine 
Concept . P l enum pub l . Corp . 
8 1 )  Tom l i nson , P . B .  The botany o f  mangroves .  Cambridge 
Univers ity Press ( 1 9 8 6 )  4 1 3  pp . 
1 2 7  
8 2 )  Twi l l ey , R i  Lugo , A . E .  and Patterson- zucca , C .  
Litter production and turnover in bas i n  mangrove 
forests in Southwest F l or ida . Ecology 6 7 ( 3 )  ( 1 9 8 6 )  
6 7 0 - 6 8 3 . 
8 3 )  Thorn , B . G .  Mangrove eco logy a nd delta i c  
geomorpho logy : Tabasco , Mex ico . J . Eco l . 5 5  ( 1 9 6 7 ) : 
3 0 1 - 3 4 3 .  
8 4 )  Ungar , I . A .  H a l ophytes seed germi nation . Bot . Rev . 
4 4 . ( 1 9 7 8 )  2 3 3 - 2 6 4 . 
8 5 )  Vaughan ,  T . W .  The geolog i c  work o f  mangroves in 
Southern F l or ida . Smithson , Misc . Co l l ns . 5 2  ( 1 9 0 9 )  
4 6 1 - 4 6 4 . 
8 6 )  Von W i l l ert , D . J .  Der E i n f luss hoher Nae l ­
Konz entrat ionen auf d i e  Atmung i ntakter K e imp f lan z en 
en iger H a l ophyten und g lykophyten .  F lora , Bd 1 5 9  
( 1 9 7 0 )  5 1 2 - 5 2 3 .  
8 7 )  Wa l sh , G . E . An ecolog i c a l  s tudy of a Hawa i ia n  
mangrove swamp . Pages 4 2 0 - 4 3 1  i n  G . H . La u f f  ( ed . ) 
Estuar ies . Amer ican Assoc iat ion Advancement S c i ence 
Publ . 8 3  ( 1 9 6 7 )  Wash i ngton , D . C . 
8 8 )  Wa l sh , G . E . Mangroves :  A review . I n : R . Re imold and 
W . Queen ( eds . ) ,  Eco logy o f  Ha lophytes ( 1 9 7 4 ) pp . 5 1 -
1 7 4 . 
8 9 )  W a i s e l , Y .  B i o l ogy o f  ha lophytes . Academ i c  Press , 
New York ( 1 9 7 2 )  3 9 5  pp . 
1 2 8  
9 0 )  Watson , J . G .  Mangrove forests o f  the Ma lay 
Peninsu l a . Ma lay . Forest Rec . 6 ( 1 9 2 8 )  1 -2 7 5 . 
9 1 )  Western , A . R .  The f lora o f  the United Arab 
Emi rates : An i ntroduct ion , U . A . E .  Univers ity , Al 
Ain ( 1 9 8 9 ) 1 8 8  pp . 
9 2 )  Woodro f f e , C . D .  Litter production and decompos it ion 
i n  the New z ea land mangrove , Avi cenni a  marina Var . 
res i n i fera . New zea land Journa l o f  Mar i ne and Fresh 
water Research 1 6  ( 1 9 8 2 )  1 7 9 - 1 8 8 . 
9 3 ) Woodr o f f e , C . D .  Studi e s  o f  a mangrove bas i n , tuf f  
crater , New z ea la nd : 1 .  Mangrove b i omas s  and 
product ion o f  detritus . Estuari n e .  Coa sta l and 
She l f  S c i ence 2 0  ( 1 9 8 5 )  2 6 5 - 2 8 0 . 
9 4 )  Zahran , M . A .  B iogeography o f  mangrove vegetation 
a long the Red Sea Coast . Proc . I nternat . Symp . 
B i o l . Mgt . Mangroves ,  Hono l u lu , Hawa i i  1 ( 1 9 7 4 ) 4 3 -
5 1 . 
1 2 9  
APPENDICES 
Append ix I .  
APP ENDICES 
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exper iment No . 1  located at i ndoor low 
temperature condi t i on w ith average a i r  
temperature 1 9 ± 1 ° C .  
Append ix I I . Water parameters observed i n  exper imenta l 
tanks dur i ng emergence stud i e s  i n  
exper iment No . 2  located at outdoor shaded 
cond i t ion with average a i r  temperature 
rang ing from 1 9 ± 1  to 2 8 ± 4 ° C .  
Append ix I I I . Week ly average va lues o f  water parameters 
i n  exper iment a l  tanks through out growth 
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and coastal water i n  experiment  No. 5 and 6. 
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Append i x  I .  water parameters observed i n  exper imenta l tanks 
dur ing emergence studies in experiment No . 1  
located at i ndoor low temperature cond it ion with 
average air temperature 1 9 ± 1 ° C .  
Sa l i nity Level 0 . 5  ppt ( Control )  
Expt pH Water D . O .  Cond o Turb . 
Days temp . o c  ppt m mohs / cm ppm 
0 1  8 . 2  1 8 . 2  5 . 0  1 . 0  2 0  
0 2  7 . 8  1 8 . 4  5 . 5  1 . 0  4 0  
0 3  7 . 6  1 8 . 4  5 . 4  1 . 0  4 0  
0 4  7 . 7  1 8 . 0  5 . 0  1 . 0  3 8  
0 6  7 . 8  18 . 4  4 . 8  1 . 2  3 4  
07  7 . 6  1 8 . 2  4 . 6  1 . 0  3 0  
0 8  7 . 4  1 8 . 4  4 . 6  1 . 0  2 2  
0 9  7 . 6  1 8 . 6  4 . 5  1 . 7  2 4  
1 0  7 . 9  1 7 . 8  4 . 8  1 . 1  2 0  
1 1  7 . 9  1 7 . 4  4 . 8  1 . 0  2 0  
1 3  7 . 8  17 . 8  4 . 9  1 . 0  2 0  
1 4  7 . 7  1 7 . 6  5 . 0  1 . 1  1 8  
1 5  7 . 8  1 7 . 8  4 . 8 1 . 0  2 0  
1 6  7 . 6  1 8 . 0  5 . 0  1 . 0  1 9  
1 7  7 . 4  1 8 . 1  4 . 8  1 . 1  2 0  
1 8  7 . 3  1 8 . 0  4 . 4  1 . 1  1 8  
2 0  7 . 1  1 7 . 6  4 . 0  1 . 0  1 6  
2 1  7 . 0  1 7 . 6  4 . 2  1 . 0  1 6  
2 2  6 . 9  1 7 . 4  4 . 0  1 . 1  1 4  
2 3  6 . 8  1 7 . 2  4 . 2  1 . 2  1 2  
2 4  6 . 8  1 7 . 2  4 . 2  1 . 1  1 3  
2 5  6 . 8  1 7 . 0  4 . 4  1 . 0  1 4  
2 7  6 . 7  1 7 . 2  4 . 6  1 . 0  1 2  
2 8  6 . 6  1 7 . 2  4 . 6  1 . 1  1 2  
2 9  6 . 5  1 7 . 0  4 . 8 1 . 2  1 1  
1 3 3  
S a l i n ity Leve l s  1 0  ppt 
Expt pH Water D . O .  Cond o Turb . 
Days temp . o C  ppt m moh/ cm ppm 
0 1  7 . 8  18 . 8  5 . 0  1 6 . 6  3 0  
0 2  7 . 2  1 8 . 2  5 . 2  1 8 . 5  6 5  
0 3  7 . 0  1 8 . 4 5 . 0  1 8 . 0  6 0  
0 4  7 . 6  1 8 . 2  4 . 9  1 8 . 2  5 6  
0 6  7 . 6  1 8 . 4  4 . 6  1 9 . 2  4 6  
0 7  7 . 6  1 8 . 6  4 . 4  1 9 . 6  3 0  
08 7 . 4  18 . 4  4 . 4  1 9 . 2  3 2  
0 9  7 . 6  1 8 . 6  4 . 2  1 9 . 4  2 0  
1 0  7 . 6  18 . 0  4 . 6  1 9 . 2  1 8  
1 1  7 . 8  17 . 4  4 . 8  1 9 . 4  1 8  
1 3  7 . 8  1 7 . 8  4 . 9  1 9 . 4  2 0  
1 4  7 . 7  1 7 . 6  4 . 8 19 . 2  18 
1 5  7 . 6  1 7 . 4  4 . 8 1 9 . 3  2 0  
1 6  7 . 5  1 7 . 6  4 . 6  19 . 2  2 4  
1 7  7 . 5  1 7 . 2  4 . &  1 9 . 4  2 6  
1 8  7 . 4  1 7 . 0  4 . 0  1 9 . 0  2 4  
2 0  7 . 2  1 6 . 8  3 . 8  1 9 . 2  2 0  
2 1  6 . 8  17 . 0  3 . 6  1 9 . 2  2 2  
2 2  6 . 5  1 7 . 2  3 . 6  19 . 0  2 0  
1 . 0  1 2  
2 8  6 . 6  1 7 . 2  4 . 6  1 . 1  1 2  
2 9  6 . 5  1 7 . 0  4 . 8  1 . 2  1 1  
1 3 4  
S a l i n i ty Leve ls 1 0  ppt 
Expt pH Water D . O .  Cond o Turb . 
Days temp . o c  ppt m moh/ cm ppm 
0 1  7 . S  l S . S  5 . 0  1 6 . 6  3 0  
0 2  7 . 2  l S . 2  5 . 2  lS . 5  6 5  
0 3  7 . 0  lS . 4  5 . 0  l S . 0  6 0  
0 4  7 . 6  l S . 2  4 . 9  lS . 2  5 6  
0 6  7 . 6  l S . 4  4 . 6  1 9 . 2  4 6  
0 7  7 . 6  1 S . 6  4 . 4  1 9 . 6  3 0  
O S  7 . 4  l S . 4  4 . 4  1 9 . 2  3 2  
0 9  7 . 6  1 S . 6  4 . 2  1 9 . 4  2 0  
1 0  7 . 6  l S . 0  4 . 6  1 9 . 2  lS  
1 1  7 . S  1 7 . 4  4 . S  19 . 4  1 S  
1 3  7 . S  1 7 . S  4 . 9  1 9 . 4  2 0  
1 4  7 . 7  1 7 . 6  4 . S  1 9 . 2  1 S  
1 5  7 . 6  1 7 . 4  4 . S  1 9 . 3  2 0  
1 6  7 . 5  1 7 . 6  4 . 6  19 . 2  2 4  
1 7  7 . 5  1 7 . 2  4 . S  19 . 4  2 6  
I S  7 . 4  1 7 . 0  4 . 0  19 . 0  2 4  
2 0  7 . 2  1 6 . S  3 . S  19 . 2  2 0  
2 1  6 . S  1 7 . 0  3 . 6  1 9 . 2  2 2  
2 2  6 . 5  1 7 . 2  3 . 6  19 . 0  2 0  
2 3  6 . 4  1 7 . 1  3 . S  1 9 . 4  2 1  
2 4  6 . 6  1 7 . 2  4 . 0  1 9 . 4  lS  
2 5  6 . 5  1 7 . 2  4 . 2  1 9 . 0  2 0  
2 7  6 . 5  1 7 . 0  4 . 0  1 8 . 6  1 8  
2 S  6 . 7  1 7 . 0  4 . 4  lS . S  1 6  
2 9  6 . S  1 6 . S  4 . 6  lS . 8  1 6  
1 3 5  
S a l inity Level 20 ppt 
Expt pH water D . O .  Cond o  Turb .  
Days temp . D C  ppt m moh/ em ppm 
0 1  7 . 6  1 9 . 0  4 . 9  2 7 . 0  2 7  
0 2  7 . 1  18 . 3  4 . 8  3 4 . 4  4 0  
0 3  7 . 2  1 8 . 4  4 . 6  3 3 . 8  3 8  
0 4  7 . 6  18 . 4  4 . 9  3 4 . 0  3 0  
0 6  7 . 6  1 8 . 6  4 . 6  3 4 . 2  2 8  
0 7  7 . 5  18 . 8  4 . 4  3 4 . 4  2 6  
08 7 . 4  1 8 . 5  4 . 2  3 4 . 4  2 6  
0 9  7 . 5  1 9 . 0  4 . 1  3 4 . 6  2 4  
1 0  7 . 6  1 8 . 2  4 . 4  3 4 . 4  2 0  
1 1  7 . 8  1 7 . 6  4 . 8  3 4 . 8  2 2  
1 3  7 . 6  18 . 0  4 . 8  3 4 . 2  2 4  
1 4  7 . 5  18 . 2  4 . 6  3 4 . 4  2 2  
1 5  7 . 7  1 8 . 0  4 . 8  3 4 . 0  2 0  
1 6  7 . 7  1 7 . 8  5 . 0  3 4 . 4  2 2  
1 7  7 . 6  1 7 . 6  4 . 6  3 4 . 2  2 0  
1 8  7 . 4  1 7 . 6  4 . 2  3 4 . 0  1 8  
2 0  7 . 0  1 7 . 4  4 . 1  3 4 . 4  2 0  
2 1  6 . 8  17 . 0  4 . 0  3 4 . 2  1 9  
2 2  6 . 6  1 7 . 2  4 . 2  3 4 . 0  1 8  
2 3  6 . 2  1 7 . 0  4 . 4  3 4 . 2  2 1  
2 4  6 . 4  1 7 . 2  4 . 1  3 4 . 4  2 0  
2 5  6 . 6  1 7 . 4  4 . 0  3 4 . 0  2 2  
2 7  6 . 4  1 7 . 2  4 . 1  3 4 . 2  19  
28  6 . 6  1 7 . 2  3 . 9  3 4 . 0  1 8  
2 9  6 . 6  1 7 . 0  3 . 8  3 4 . 4  1 8  
1 3 6  
Sa l in ity Leve l 4 0  ppt 
Expt pH Water D . O .  Cond o Tur b .  
Days temp . o c  ppt m moh/ em ppm 
0 1  7 . 8  19 . 8  4 . 9  5 0 . 3  2 5  
0 2  6 . 9  1 9 . 8  4 . 6  5 8 . 5  4 5  
0 3  7 . 1  18 . 4  4 . 5  5 8 . 0  4 4  
04 7 . 0  1 8 . 4  4 . 6  58 . 2  4 0  
0 6  7 . 4  19 . 0  4 . 3  5 8 . 2  3 6  
07  7 . 2  1 9 . 0  4 . 3  5 8 . 0  3 2  
08 7 . 4  1 9 . 2  4 . 1  58 . 4  3 0  
0 9  7 . 2  1 9 . 2  4 . 0  5 8 . 4  3 0  
1 0  7 . 4  1 8 . 0  4 . 2  5 8 . 2  3 2  
1 1  7 . 6  1 7 . 4  4 . 5  5 8 . 6  2 8  
1 3  7 . 8  17 . 8  4 . 4  58 . 4  2 8  
1 4  7 . 6  17 . 6  4 . 2  5 8 . 6  3 0  
1 5  7 . 8  1 7 . 5  4 . 3  58 . 6  3 2  
1 6  7 . 7  1 7 . 5  4 . 4  5 8 . 2  2 8  
1 7  7 . 4  1 7 . 6  4 . 0  5 8 . 2  2 4  
1 8  7 . 6  1 7 . 4  3 . 8  5 8 . 0  2 2  
2 0  7 . 4  1 7 . 6  3 . 9  5 8 . 4  2 0  
2 1  7 . 3  1 7 . 6  3 . 8  58 . 2  18 
2 2  7 . 4  1 7 . 4  3 . 6  5 8 . 4  2 0  
2 3  7 . 4  17 . 2  3 . 4  5 8 . 4  2 1  
2 4  7 . 6  1 7 . 4  3 . 4  58 . 6  2 2  
2 5  7 . 7  17 . 4  3 . 6  5 8 . 4  1 9  
2 7  7 . 4  1 7 . 2  3 . 4  58 . 2  1 8  
2 8  7 . 3  1 7 . 0  3 . 6  58 . 4  18 
2 9  7 . 2  1 7 . 2  3 . 8  58 . 2  2 0  
1 3 7  
S a l inity Leve l 6 0  ppt 
Expt pH Water D . O .  Cond o Turb . 
Days temp . o c  ppt m moh/ cm ppm 
0 1  7 . 3  1B . 2  4 . B  6 2 . 7  3 2  
0 2  6 . B  1B . 3  4 . 6  6 2 . 6  5 9  
0 3  7 . 0  1 B . 2  4 . 6  6 2 . 4  5 0  
0 4  6 . B  1 B . 2  4 . 5  6 2 . 0  4 8  
0 6  6 . 7  1 9 . B  4 . 0  6 2 . 0  4 0  
0 7  6 . 6  1 9 . 0  4 . 2  6 2 . 2  3 B  
O B  6 . 5  19 . 0  4 . 0  6 2 . 4  4 0  
0 9  6 . 8  1 8 . 8  3 . 9  6 2 . 4  4 2  
1 0  7 . 0  1B . 2  4 . 0  6 2 . 2  4 0  
1 1  7 . 4  1 7 . 4  4 . 0  6 2 . 6  3 6  
1 3  7 . 2  1 B . 2  4 . 2  6 2 . 4  3 0  
1 4  7 . 0  1B . O  4 . 0  6 2 . 0  2 8  
1 5  7 . 1  1 B . 4  3 . 9  6 2 . 2  2 6  
1 6  7 . 0  1B . 2  4 . 1  6 2 . 4  2 7  
1 7  6 . 9  1 B . 0  4 . 0  6 2 . 2  2 5  
1 B  7 . 0  1 B . 2  3 . B  6 2 . 0  2 2  
2 0  6 . B  1B . 0  3 . B  6 2 . 2  2 0  
2 1  6 . 6  1 7 . B  3 . 4  6 2 . 4  2 4  
2 2  6 . 6  1 7 . 6  3 . 6  6 2 . 2  2 2  
2 3  6 . 4  1 7 . 6  3 . 4  6 2 . 0  2 0  
2 4  6 . 2  1 7 . 8  3 . 4  6 2 . 4  1 8  
2 5  6 . 2  1 7 . 6  3 . 3  6 2 . 6  18  
27  6 . 4  1 7 . 4  3 . 4  6 2 . 2  1 6  
2 B  6 . 2  1 7 . 4  3 . 2  6 2 . 4  1 B  
2 9  6 . S  1 7 . 4  3 . 4  6 2 . 2  1 6  
1 3 B  
S a l inity Level 8 0  ppt 
Expt pH Water D . O .  Cond o Turb . 
Days temp . o C  ppt m moh/ cm ppm 
0 1  7 . 3  18 . 3  4 . 8  6 2 . 9  2 5  
0 2  6 . 8  18 . 2  4 . 6  6 2 . 8  5 8  
0 3  7 . 0  1 8 . 4  4 . 6  6 2 . 6  5 0  
0 4  6 . 8  18 . 8  4 . 5  6 2 . 4  4 4  
0 6  6 . 4  1 9 . 8  4 . 0  6 2 . 6  4 0  
07  6 . 4  1 9 . 6  3 . 8  6 2 . 8  4 2  
0 8  6 . 4  1 9 . 6  3 . 8  6 3 . 0  4 3  
0 9  6 . 3  1 9 . 0  3 . 9  6 3 . 0  4 0  
1 0  7 . 0  1 8 . 2  4 . 0  6 2 . 6  3 8  
1 1  7 . 4  17 . 6  4 . 2  6 2 . 8  3 8  
1 3  7 . 0  1 8 . 0  4 . 2  6 3 . 0  3 4  
1 4  6 . 9  18 . 2  4 . 0  6 2 . 8  3 0  
1 5  7 . 1  18 . 2  3 . 9  6 2 . 6  2 8  
1 6  7 . 0  18 . 0  4 . 1  6 2 . 8  3 1  
1 7  7 . 1  18 . 2  4 . 0  6 3 . 0  3 0  
18 6 . 8  18 . 4  3 . 6  6 3 . 2  2 6  
2 0  7 . 0  1 8 . 0  3 . 8  6 3 . 0  2 4  
2 1  6 . 8  1 8 . 2  3 . 4  6 2 . 8  2 0  
2 2  6 . 6  1 8 . 2  3 . 4  6 2 . 8  2 4  
2 3  6 . 4  1 8 . 0  3 . 2  6 3 . 0  2 2  
2 4  6 . 2  1 8 . 4  3 . 4  6 3 . 2  2 0  
2 5  6 . 4  1 8 . 2  3 . 4  6 3 . 0  2 1  
2 7  6 . S  1 8 . 2  3 . 3  6 3 . 0  18 
28 6 . 4  18 . 0  3 . 2  6 2 . 8  1 6  
2 9  6 . 2  1 7 . 8  3 . 2  6 2 . 6  2 0  
1 3 9  
S a l i n ity Leve l 1 0 0  ppt 
Expt pH water D . O .  Cond o Turb . 
Days temp . o c ppt m moh/ cm ppm 
0 1  7 . 2  1 8 . 2  4 . 2  6 2 . 9  2 5  
0 2  6 . 8  18 . 5  4 . 8 6 3 . 0  5 3  
0 3  7 . 2  18 . 4  4 . 4  6 2 . 8  5 0  
0 4  6 . 6  1 9 . 0  4 . 4  6 2 . 6  4 6  
0 6  6 . 4  1 8 . 6  4 . 0  6 2 . 8  4 0  
07  6 . 4  1 8 . 8  4 . 0  6 2 . 8  3 4  
08 6 . 4  1 9 . 0  3 . 8  6 3 . 0  3 4  
0 9  6 . 2  1 9 . 4  3 . 8  6 3 . 0  3 2  
1 0  7 . 0  1 8 . 4  4 . 0  6 2 . 9  3 0  
1 1  7 . 2  1 7 . 8  4 . 0  6 3 . 0  3 6  
1 3  7 . 0  1 8 . 2  4 . 0  6 3 . 2  3 4  
1 4  6 . 8  1 8 . 4  3 . 8  6 3 . 4  3 0  
1 5  6 . 7  18 . 4  3 . 6  6 3 . 4  2 8  
1 6  7 . 0  1 8 . 2  3 . 7  6 3 . 2  2 9  
1 7  7 . 1  1 8 . 4  3 . 5  6 3 . 3  3 0  
1 8  6 . 9  1 8 . 6  3 . 8  6 3 . 0  2 6  
2 0  6 . 8  1 8 . 4  3 . 8  6 3 . 2  2 8  
2 1  6 . 8  18 . 4  3 . 6  63 . 0  2 8  
2 2  6 . 7  1 8 . 2  3 . 2  6 3 . 0  3 0  
2 3  6 . 6  1 8 . 4  3 . 2  6 2 . 8  2 6  
2 4  6 . 6  18 . 2  3 . 4  6 2 . 7  2 4  
2 5  6 . 4  18 . 2  3 . 2  62 . 9  2 4  
2 7  6 . 2  1 8 . 0  3 . 4  6 3 . 0  2 2  
2 8  6 . 2  1 8 . 2  3 . 4  6 3 . 2  2 2  
2 9  6 . 3  1 8 . 4  3 . 2  6 3 . 2  2 2  
1 4 0  
Append i x  I I .  Water parameters observed in experimenta l 
tanks dur i ng emergence studies in exper iment No . 2 
located at outdoor shaded condition w ith average 
a i r  temperature ranged 1 9 ± 1 ° C  to 2 8 ± 4 ° C .  
s a l inity Level 0 . 5  ppt ( Control )  
Exper iment pH Water D . O .  Cond o Turb . 
Days temp . o C ppt m moh s / cm ppm 
0 1  8 . 0  2 8 . 6  4 . 8  1 . 0  1 6  
0 2  8 . 1  2 8 . 4  4 . 7  1 . 2  1 7  
0 3  8 . 0  2 8 . 6  4 . 5  1 . 1  1 8  
0 4  7 . 9  2 8 . 6  4 . 6  1 . 0  1 6  
0 5  7 . 8  2 8 . 8  4 . 5  1 . 1  1 7  
0 6  7 . 9  2 9 . 4  4 . 6  1 . 2  1 8  
07  7 . 8  2 9 . 6  3 . 8  1 . 2  1 9  
0 8  7 . 9  2 9 . 8  3 . 6  1 . 4  1 8  
0 9  7 . 6  3 0 . 0  3 . 4  1 . 2  2 0  
1 0  7 . 8  2 9 . 6  3 . 6  1 . 4  2 1  
1 1  7 . 8  2 9 . 4  3 . 6  1 . 2  2 0  
1 2  7 . 9  2 9 . 2  3 . 6  1 . 0  2 0  
1 3  7 . 8  2 9 . 4  3 . 4  1 . 2  2 2  
1 4  7 . 8  2 9 . 2  3 . 6  1 . 1  2 1  
1 5  7 . 7  2 9 . 0  3 . 6  1 . 2  2 0  
1 6  7 . 8  2 9 . 0  3 . 6  1 . 2  2 0  
1 7  7 . 7  2 9 . 0  3 . 8  1 . 1  2 0  
1 8  7 . 8  2 8 . 8  3 . 8  1 . 1  2 1  
1 9  7 . 8  2 8 . 8  3 . 8  1 . 2  2 2  
2 0  7 . 8  2 8 . 6  4 . 0  1 . 1  2 2  
14 1 
S a l inity Level 10 ppt 
Exper iment pH Water D . O .  Cond o Tur b . 
Days temp . o c ppt m moh/ cm ppm 
0 1  8 . 0  2 8 . 6  4 . 6  3 . 8  1 8  
0 2  7 . 8  2 8 . 4  4 . 6  4 . 0  1 6  
0 3  8 . 0  2 8 . 6  4 . 4  3 . 8  1 8  
0 4  7 . 9  2 8 . 6  4 . 5  4 . 2  18 
05 7 . 8  2 8 . 8  4 . 4  4 . 0  1 8  
0 6  8 . 0  2 9 . 4  4 . 6  4 . 2  2 0  
0 7  7 . 9  2 9 . 8  3 . 8  4 . 2  2 0  
08 8 . 0  2 9 . 8  3 . 6  4 . 0  1 8  
0 9  7 . 8  3 0 . 0  3 . 4  3 . 9  2 0  
1 0  7 . 9  2 9 . 8  3 . 4  3 . 8  2 2  
1 1  7 . 8  2 9 . 6  3 . 4  3 . 8  2 0  
1 2  7 . 9  2 9 . 4  3 . 6  3 . 8  2 0  
1 3  7 . 8  2 9 . 4  3 . 4  4 . 0  2 0  
1 4  7 . 9  2 9 . 4  3 . 6  4 . 1  2 0  
1 5  7 . 8  2 9 . 2  3 . 6  3 . 8  2 2  
1 6  7 . 9  2 9 . 0  3 . 6  3 . 9  2 2  
1 7  7 . 8  2 9 . 2  3 . 6  4 . 0  2 0  
1 8  7 . 9  2 8 . 9  3 . 6  3 . 8  2 2  
19  7 . 9  2 9 . 0  4 . 0  4 . 0  2 0  
2 0  8 . 0  2 8 . 8  3 . 9  3 . 9  2 2  
1 4 2  
Sal inity Leve l 2 0  ppt 
Exper iment pH Water D . O .  Cond o Turb . 
Days temp . o c  ppt m moh/ cm ppm 
0 1  7 . 8  2 8 . 6  4 . 8  3 9 . 0  2 0  
0 2  7 . 8  2 8 . 6  4 . 6  3 8 . 8  18 
03 8 . 0  2 8 . 6  4 . 3  3 9 . 0  1 8  
0 4  7 . 8  2 8 . 8  4 . 5  3 9 . 0  2 0  
0 5  8 . 0  2 9 . 0  4 . 4  3 8 . 8  18 
0 6  8 . 0  2 9 . 4  4 . 5  4 0 . 0  2 0  
07  8 . 0  2 9 . 8  3 . 6  3 9 . 8  2 2  
08 8 . 1  2 9 . 8  3 . 6  3 9 . 8  2 0  
0 9  8 . 0  3 0 . 2  3 . 2  4 0 . 0  2 2  
1 0  8 . 0  2 9 . 8  3 . 4  4 0 . 0  2 2  
1 1  7 . 9  2 9 . 8  3 . 4  3 9 . 4  2 0  
12  7 . 9  2 9 . 4  3 . 4  3 9 . 6  2 2  
1 3  8 . 0  2 9 . 4  3 . 4  3 9 . 6  2 2  
1 4  8 . 0  2 9 . 6  3 . 4  3 9 . 4  2 0  
1 5  8 . 1  2 9 . 4  3 . 6  3 9 . 0  2 2  
1 6  7 . 9  2 9 . 0  3 . 6  3 8 . 8  2 0  
1 7  8 . 0  2 9 . 2  3 . 8  3 9 . 0  2 2  
1 8  8 . 1  2 9 . 0  3 . 6  3 8 . 8  2 4  
1 9  8 . 0  2 9 . 0  4 . 0  3 8 . 8  2 2  
2 0  8 . 0  2 8 . 8  4 . 0  3 8 . 8  2 2  
1 4 3  
Sa l in ity Leve l 4 0  ppt 
Exper iment pH Water D . O .  Cond o Turb . 
Days temp . o C  ppt m moh/ cm ppm 
0 1  8 . 1  2 8 . 6  4 . 6  59 . 7  18  
02  8 . 0  2 8 . 8  4 . 5  5 9 . 6  1 7  
0 3  8 . 2  2 8 . 8  4 . 3  5 9 . 7  1 8  
0 4  8 . 1  2 8 . 9  4 . 4  59 . 8  2 0  
0 5  8 . 1  2 9 . 2  4 . 4  5 9 . 6  1 9  
0 6  8 . 0  2 9 . 6  4 . 5  5 9 . 4  2 0  
07  8 . 1  2 9 . 8  J . 8  59 . 2  2 2  
0 8  8 . 2  3 0 . 0  3 . 6  59 . 4  2 0  
0 9  8 . 2  3 0 . 2  3 . 4  5 9 . 4  2 4  
1 0  8 . 1  3 0 . 0 3 . 2  5 9 . 6  2 2  
1 1  8 . 0  2 9 . 8  3 . 4  5 9 . 8  2 0  
1 2  8 . 0  2 9 . 6  J . 4  5 9 . 6  2 1  
1 3  8 . 1  2 9 . 4  3 . 4  5 9 . 6  2 0  
1 4  8 . 1  2 9 . 6  3 . 4  5 9 . 4  2 0  
1 5  8 . 2  2 9 . 4  3 . 6  5 9 . 6  2 2  
1 6  8 . 0  2 9 . 0  3 . 8  59 . 4  2 0  
1 7  8 . 1  2 9 . 2  3 . 8  5 9 . 6  2 2  
1 8  8 . 1  2 9 . 0  4 . 0  5 9 . 4  2 2  
1 9  8 . 0  2 9 . 0  4 . 1  59 . 6  2 1  
2 0  8 . 0  2 8 . 8  4 . 2  5 9 . 4  2 0  
1 4 4  
Sa l inity Level 60 ppt 
Expe r iment pH Water D . O .  Cond o Tur b .  
Days temp . o C  ppt m moh/ cm ppm 
0 1  8 . 1  2 8 . 6  4 . 4 6 1 . 0  2 0  
0 2  8 . 0  2 8 . 8  4 . 4  6 1 . 2  2 0  
0 3  8 . 1  2 8 . 8  4 . 2  6 1 . 2  1 8  
0 4  8 . 1  2 9 . 0  4 . 2  6 1 . 4  2 0  
0 5  8 . 2  2 9 . 2  4 . 2  6 1 .  2 2 0  
0 6  8 . 0  2 9 . 6  4 . 4  6 1 . 4  2 0  
0 7  8 . 1  2 9 . 8  4 . 0  6 1 . 4  2 2  
0 8  8 . 2  3 0 . 0  3 . 6  6 1 .  6 2 2  
0 9  8 . 2  3 0 . 4  3 . 6  6 1 . 8  2 4  
1 0  8 . 2  2 9 . 8  3 . 4  6 1 . 4  2 2  
1 1  8 . 0  3 0 . 0 3 . 4  6 1 .  6 2 2  
12  8 . 1  2 9 . 6  3 . 2  6 1 .  6 2 2  
1 3  8 . 1  2 9 . 6  3 . 4  6 1 . 4  2 4  
1 4  8 . 2  2 9 . 6  3 . 4  6 1 . 6  2 2  
1 5  8 . 1  2 9 . 2  3 . 4  6 1 . 4  2 4  
1 6  8 . 1  2 9 . 0  3 . 8  6 1 . 2  2 8  
1 7  8 . 2  2 9 . 1  3 . 6  6 1 . 4  2 6  
1 8  8 . 1  2 9 . 0  3 . 8  6 1 . 2  2 7  
1 9  8 . 1  2 9 . 0  4 . 0  6 1 . 4  2 8  
2 0  8 . 1  2 8 . 8  4 . 0  6 1 . 2  3 0  
1 4 5  
Sa l inity Leve l 8 0  ppt 
Exper iment pH Water D . O .  Cond o Turb . 
Days temp . o C ppt m moh/ cm ppm 
0 1  8 . 1  2 8 . 8  4 . 4  6 2 . 0  2 0  
0 2  8 . 0  2 8 . 8  4 . 2  6 2 . 0  2 2  
0 3  8 . 2  2 9 . 0  4 . 0  6 2 . 2  2 0  
0 4  8 . 1  2 9 . 0  4 . 2  6 2 . 0  2 2  
0 5  8 . 2  2 9 . 4  4 . 0  6 2 . 2  2 0  
0 6  8 . 1  2 9 . 6  4 . 4  6 2 . 4  2 2  
0 7  8 . 2  2 9 . 8  4 . 1  6 2 . 2  2 4  
0 8  8 . 2  3 0 . 0  3 . 8  6 2 . 8  2 2  
0 9  8 . 3  3 0 . 4  3 . 4  6 2 . 6  2 4  
1 0  8 . 2  2 9 . 8  3 . 4  6 2 . 4  2 4  
1 1  8 . 1  3 0 . 0 3 . 4  6 2 . 4  2 4  
1 2  8 . 1  2 9 . 8  3 . 4  62 . 2  2 4  
1 3  8 . 2  2 9 . 6  3 . 6  6 2 . 2  2 4  
1 4  8 . 2  2 9 . 6  3 . 4  6 2 . 4  2 4  
1 5  8 . 1  2 9 . 2  3 . 2  6 2 . 2  2 4  
1 6  8 . 1  2 9 . 1  3 . 6  6 1 . 8  3 0  
1 7  8 . 2  2 9 . 2  3 . 6  6 2 . 0  3 2  
18 8 . 2  2 9 . 0  3 . 6  6 2 . 0  3 6  
1 9  8 . 1  2 9 . 1  3 . 8  6 2 . 2  3 4  
2 0  8 . 2  2 9 . 0  3 . 9  6 2 . 0  3 6  
1 4 6  
Sa l in ity Level 1 0 0  ppt 
Exper iment pH Water D . O .  Cond o Tur b .  
Days temp . o c  ppt m moh/ cm ppm 
0 1  8 . 2  2 8 . 6  4 . 3  6 2 . 9  2 0  
0 2  8 . 1  2 8 . 8  4 . 2  6 2 . 8  2 2  
0 3  8 . 1  2 9 . 0  4 . 0  6 2 . 7  2 1  
0 4  8 . 2  2 9 . 2  4 . 1  6 2 . 9  2 2  
0 5  8 . 3  2 9 . 6  4 . 0  6 2 . 8  2 0  
06 8 . 2  2 9 . 8  4 . 2  6 2 . 8  2 2  
0 7  8 . 3  3 0 . 0  4 . 1  6 2 . 6  2 4  
08 8 . 3  3 0 . 2 4 . 0  6 2 . 8  2 4  
0 9  8 . 4  3 0 . 4 3 . 8  6 2 . 6  2 6  
1 0  8 . 2  2 9 . 8  3 . 6  6 2 . 8  2 4  
1 1  8 . 2  3 0 . 0 3 . 4  6 3 . 0  2 6  
1 2  8 . 1  2 9 . 8  3 . 6  6 2 . 8  2 4  
1 3  8 . 2  2 9 . 6  3 . 6  6 2 . 8  2 6  
14  8 . 2  2 9 . 6  3 . 4  6 2 . 7  2 4  
1 5  8 . 1  2 9 . 2  3 . 2  6 2 . 8  2 4  
1 6  8 . 1  2 9 . 2  3 . 4  6 2 . 6  2 2  
1 7  8 . 2  2 9 . 2  3 . 4  6 2 . 8  2 4  
1 8  8 . 1  2 9 . 0  3 . 6  6 2 . 6  2 4  
1 9  8 . 1  2 8 . 8  3 . 8  6 2 . 4  2 6  
2 0  8 . 2  2 9 . 0  3 . 8  6 2 . 2  2 5 
1 4 7  
Append i x  I I I . Week ly average va lues o f  water parameters in 
experimenta l tanks dur ing growth studies in 
exper iment No . 3  located at indoor low temperature 
condit ion with average a i r  temperature ranged 
1 9 ± 1 ° C  to 2 8 ±4 ° C .  
Number 
of weeks 
0 1  
0 2  
0 3  
0 4  
0 5  
0 6  
07  
08 
0 9  
1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
p H  
6 . 9  
7 . 0  
7 . 0  
7 . 1  
7 . 1  
7 . 2  
7 . 1  
7 . 0  
7 . 0  
6 . 9  
7 . 0  
7 . 1  
7 . 1  
7 . 0  
7 . 1  
7 . 2  
7 . 2  
S a l i n ity Level 0 . 5  ppt ( Contro l )  
Water 
temp . o c 
1 7 . 0  
1 7 . 2  
1 6 . 6  
1 6 . 8  
1 6 . 4  
1 6 . 4  
1 6 . 8  
1 7 . 0  
1 6 . 8  
1 6 . 8  
1 6 . 6  
1 6 . 8  
1 6 . 0  
1 6 . 2  
1 6 . 0  
1 6 . 0  
1 6 . 2  
D . O .  
ppt 
5 . 0  
5 . 2  
5 . 0  
4 . 8  
4 . 8  
4 . 8  
4 . 6  
4 . 8  
4 . 6  
4 . 6  
4 . 8  
4 . 8  
5 . 0  
5 . 2  
5 . 2  
5 . 0  
4 . 8  
1 4 8  
Cond o 
m mohs / cm 
3 . 6  
3 . 4  
3 . 2  
3 . 2  
3 . 0  
3 . 2  
3 . 0  
3 . 2  
3 . 0  
3 . 0  
3 . 2  
3 . 2  
3 . 2  
3 . 4  
3 . 2  
3 . 0  
3 . 0  
Turb . 
ppm 
1 0  
1 2  
1 0  
8 
9 
1 1  
1 0  
1 2  
1 2  
1 1  
1 2  
1 4  
1 4  
1 4  
1 2  
1 3  
1 4  
S a l i n ity Leve l 1 0  ppt 
Number pH water D . O .  Cond o Turb . 
o f  weeks temp . o C ppt m mohs / cm ppm 
0 1  6 . 9  1 7 . 2  4 . 8  18 . 0  1 6  
0 2  7 . 0  1 7 . 2  5 . 0  1 7 . 8  1 4  
03  7 . 1  1 6 . 6  4 . 8  17 . 6  1 6  
0 4  7 . 1  1 6 . 8  4 . 8  1 7 . 6  14  
05  7 . 1  1 6 . 6  4 . 6  1 7 . 8  1 6  
06 7 . 1  1 6 . 4  4 . 8  1 7 . 8  1 5  
07  7 . 2  1 6 . 8  4 . 8  1 7 . 8  1 5  
08 7 . 1  1 7 . 0  4 . 6  18 . 0  1 6  
0 9  7 . 2  1 7 . 0  4 . 4  1 8 . 0  1 7  
1 0  7 . 0  1 6 . 8  4 . 5  1 7 . 8  1 8  
1 1  7 . 1  1 6 . 8  4 . 6  1 7 . 6  1 8  
1 2  7 . 2  1 7 . 0  4 . 6  1 7 . 8  1 8  
1 3  7 . 1  1 6 . 2  4 . 8  1 8 . 0  1 9  
1 4  7 . 1  1 6 . 4  5 . 0  1 8 . 2  2 0  
1 5  7 . 2  1 6 . 2  4 . 8  18 . 0  1 8  
1 6  7 . 3  1 6 . 0  4 . 8  1 8 . 0  2 0  
1 7  7 . 3  1 6 . 2  4 . 8  1 8 . 4  2 1  
1 4 9  
Sa l inity Leve l 2 0  ppt 
Number pH water D . O .  Cond o Tur b .  
of weeks temp . o C  ppt m moh s / cm ppm 
0 1  7 . 0  1 7 . 2  4 . 9  2 8 . 2  2 0  
0 2  7 . 1  17 . 0  4 . 8 2 8 . 0  2 1  
0 3  7 . 2  1 6 . 8  4 . 6  2 8 . 4  2 0  
0 4  7 . 2  1 6 . 8  4 . 6  2 8 . 4  2 2  
0 5  7 . 1  1 6 . 6  4 . 6  2 8 . 2  2 0  
0 6  7 . 2  1 6 . 6  4 . 6  2 8 . 0  2 1  
07  7 . 2  1 6 . 8  4 . 4  2 8 . 6  2 0  
08 7 . 1  1 7 . 0  4 . 6  2 8 . 8  1 8  
0 9  7 . 3  1 6 . 8  4 . 5  2 9 . 0  2 0  
1 0  7 . 1  1 7 . 0  4 . 5  2 9 . 0  1 9  
1 1  7 . 2  1 7 . 0  4 . 4  3 2 . 0  2 0  
1 2  7 . 2  1 7 . 2  4 . 6  3 2 . 0  2 0  
1 3  7 . 2  1 6 . 2  4 . 8  3 0 . 6  2 2  
1 4  7 . 1  1 6 . 6  5 . 0  3 1 . 2  2 2  
1 5  7 . 2  1 6 . 4  4 . 6  3 1 . 2  2 1  
1 6  7 . 4  1 6 . 2  4 . 6  3 1 . 4  2 3  
1 7  7 . 3  1 6 . 2  4 . 6  3 1 . 2  2 2  
1 5 0  
S a l i n i ty Leve l 4 0  ppt 
Number pH Water D . O .  Cond o Turb . 
o f  weeks temp . o C  ppt m mohs/ cm ppm 
0 1  7 . 2  1 7 . 2  4 . 7  5 B . 3  2 2  
0 2  7 . 2  17 . 0  4 . 5  58 . 2  2 3  
0 3  7 . 4  1 6 . B  4 . 6  5 B . l  2 1  
0 4  7 . 2  1 6 . 6  4 . 5  5B . 2  2 0  
0 5  7 . 2  1 6 . 6  4 . 5  5B . l  2 1  
0 6  7 . 2  1 6 . 6  4 . 6  5 B . 2  2 0  
0 7  7 . 2  1 7 . 0  4 . 4  5B . 2  2 2  
0 8  7 . 2  1 7 . 2  4 . 5  5 B . O  2 4  
0 9  7 . 4  1 6 . B  4 . 6  5 B . l  2 4  
1 0  7 . 2  1 7 . 0  4 . 5  5B . 0  2 0  
1 1  7 . 2  1 7 . 0  4 . 6  5 B . 2  I B  
1 2  7 . 4  1 7 . 2  4 . 6  5 8 . 1  2 0  
1 3  7 . 2  1 6 . 4  4 . B  5B . 2  2 2  
1 4  7 . 2  1 6 . B  4 . 6  5 B . l  2 0  
1 5  7 . 2  1 6 . 6  4 . 4  5 B . 2  2 1  
1 6  7 . 4  1 6 . 4  4 . 5  5 B . 4  2 0  
1 7  7 . 4  1 6 . 2  4 . 6  5 B . 2  2 2  
1 5 1  
S a l i n ity Level 60 ppt 
Number pH Water D . O .  Cond o Turb . 
of weeks temp . o C  ppt m moh s / cm ppm 
0 1  7 . 2  1 7 . 4  4 . 6  60 . 6  3 4  
0 2  7 . 2  1 7 . 2  4 . 4  6 0 . 8  3 3  
0 3  7 . 6  1 7 . 0  4 . 4  6 1 . 0 3 1  
0 4  7 . 4  1 6 . 8  4 . 4  6 1 . 2  3 0  
0 5  7 . 2  1 6 . 8  4 . 4  6 1 . 0 3 1  
0 6  7 . 4  1 6 . 6  4 . 5  6 1 . 2  3 0  
0 7  7 . 2  17 . 2  4 . 2  60 . 8  3 2  
0 8  7 . 2  1 7 . 4  4 . 4  6 1 .  0 3 4  
0 9  7 . 4  1 6 . 8  4 . 5  6 0 . 8  3 4  
1 0  7 . 2  1 7 . 2  4 . 4  6 1 . 0  3 0  
1 1  7 . 4  1 7 . 2  4 . 4  60 . 8  2 8  
1 2  7 . 6  1 7 . 4  4 . 6  6 1 . 6  2 6  
1 3  7 . 4  1 6 . 6  4 . 8  60 . 6  2 8  
14  7 . 4  1 7 . 0  4 . 6  6 0 . 0  3 0  
1 5  7 . 2  1 6 . 8  4 . 4  60 . 6  3 2  
1 6  7 . 6  1 6 . 6  4 . 4  60 . 8  3 2  
1 7  7 . 4  1 6 . 4  4 . 6  6 0 . 6  3 0  
1 5 2  
Sa l in ity Leve l 8 0  ppt 
Number pH Water D . O .  Cond o Tur b .  
o f  weeks temp . o C  ppt m mohs / em ppm 
0 1  7 . 2  17 . 4  4 . 6  6 1 . 4  3 8  
0 2  7 . 3  17 . 4  4 . 5  62 . 0  3 5  
0 3  7 . 4  1 7 . 2  4 . 2  6 2 . 2  3 4  
0 4  7 . 4  1 6 . 8  4 . 0  6 2 . 4  3 2  
0 5  7 . 4  1 6 . 8  4 . 4  6 2 . 2  3 4  
06 7 . 6  1 6 . 8  4 . 4  6 2 . 4  3 4  
07  7 . 4  1 7 . 2  4 . 2  6 2 . 0  3 6  
0 8  7 . 2  1 7 . 4  4 . 4  6 2 . 4  3 6  
0 9  7 . 6  17 . 0  4 . 4  6 3 . 2  3 8  
1 0  7 . 4  1 7 . 2  4 . 2  63 . 4  3 3  
1 1  7 . 4  17 . 4  4 . 2  6 3 . 2  3 6  
1 2  7 . 8  1 7 . 6  4 . 4  6 3 . 0  3 2  
1 3  7 . 6  1 6 . 6  4 . 6  6 1 . 4 3 6  
1 4  7 . 6  1 7 . 2  4 . 6  6 1 . 4 3 6  
1 5  7 . 4  1 6 . 8  4 . 4  6 1 . 2  3 4  
1 6  7 . 8  1 6 . 8  4 . 4  6 1 .  6 3 6  
1 7  7 . 6  1 6 . 4  4 . 6  6 1 . 4  3 8  
1 5 3  
S a l inity Leve l 1 0 0  ppt 
Number pH Water D . O .  Cond o Turb . 
of weeks temp . o C  ppt m moh s / cm ppm 
0 1  7 . 4  1 7 . 6  4 . 5  6 2 . 6  4 2  
0 2  7 . 4  17 . 4  4 . 2  63 . 0  4 6  
03  7 . 6  1 7 . 2  4 . 0  6 3 . 2  4 4  
0 4  7 . 6  1 7 . 0  4 . 2  6 3 . 4  4 3  
0 5  7 . 4  1 7 . 2  4 . 4  6 3 . 2  4 2  
06 7 . 6  1 7 . 0  4 . 2  6 3 . 4  4 4  
0 7  7 . 4  17 . 4  4 . 2  6 3 . 2  4 6  
0 8  7 . 4  17 . 6  4 . 0  6 3 . 6  4 8  
0 9  7 . 8  17 . 2  4 . 2  6 4 . 2  4 9  
1 0  7 . 6  1 7 . 4  4 . 0  6 4 . 4  4 8  
1 1  7 . 8  1 7 . 6  4 . 0  64 . 0  4 6  
12  7 . 9  17 . 6  4 . 2  6 4 . 2  4 0  
1 3  7 . 8  1 6 . 8  4 . 4  62 . 6  3 8  
1 4  7 . 8  1 7 . 2  4 . 4  6 2 . 2  4 2  
1 5  8 . 0  1 7 . 0  4 . 2  6 2 . 4  4 4  
1 6  8 . 2  1 6 . 8  4 . 2  6 2 . 6  4 6  
1 7  8 . 1  1 6 . 6  4 . 4  6 2 . 4  4 6  
1 5 4  
Appendix IV . Weekly average values of water parameters in 
exper imental tanks dur ing growth stud ies in 
experiment No . 4  located at outdoor shaded 
cond ition with average a ir temperature rang ing from 
1 9 ± 1 ° C  to 2 8 ± 4 ° C .  
Sa l i nity Leve l 0 . 5  ppt 
Number pH Water D . O .  Cond o Turb . 
of weeks temp . o C  ppt m moh s / cm ppm 
0 1  7 . 0  2 9 . 4  4 . 8  3 . 4  1 5  
0 2  7 . 1  2 9 . 2  4 . 6  3 . 2  1 4  
0 3  7 . 1  2 9 . 2  4 . 4  3 . 4  1 6  
0 4  7 . 2  2 9 . 0  4 . 4  3 . 2  18  
0 5  7 . 2  2 8 . 6  4 . 2  3 . 4  1 9  
06 7 . 1  2 6 . 8  4 . 0  3 . 3  1 8  
07  7 . 2  2 4 . 6  4 . 2  3 . 2  1 6  
0 8  7 . 2  2 3 . 0  4 . 2  3 . 4  1 6  
0 9  7 . 1  2 2 . 4  4 . 2  3 . 2  1 8  
1 0  7 . 2  2 1 . 8  4 . 0  3 . 4  19  
11  7 . 2  2 0 . 2  3 . 8  3 . 6  1 8  
1 2  7 . 2  2 0 . 0  3 . 9  4 . 0  2 0  
1 3  7 . 2  1 9 . 6  4 . 2  3 . 8  1 8  
1 4  7 . 2  1 9 . 4  4 . 2  3 . 6  2 0  
1 5  7 . 1  19 . 2  4 . 4  3 . 6  2 0  
1 6  7 . 2  19 . 0  4 . 4  3 . 4  18  
1 7  7 . 2  1 9 . 0  4 . 4  3 . 4  1 9  
1 5 5  
S a l i n ity Level 1 0  ppt 
Number pH Water D . O .  Cond o Turb . 
o f  weeks temp . o C  ppt m mohs / cm ppm 
0 1  7 . 1  2 9 . 4  4 . 8  18 . 2  1 8  
0 2  7 . 2  2 9 . 2  4 . 4  18 . 0  1 9  
0 3  7 . 1  2 9 . 2  4 . 4  1 7 . 8  18  
0 4  7 . 2  2 9 . 2  4 . 2  1 7 . 8  2 0  
0 5  7 . 2  2 8 . 2  4 . 2  18 . 0  2 0  
0 6  7 . 1  2 6 . 4  4 . 1  1 8 . 0  1 9  
0 7  7 . 2  2 4 . 2  4 . 2  18 . 0  1 8  
0 8  7 . 2  2 3 . 0  4 . 3  18 . 2  1 9  
0 9  7 . 1  2 2 . 2  4 . 4  18 . 0  2 0  
1 0  7 . 2  2 1 . 8  4 . 6  1 8 . 4  1 8  
1 1  7 . 3  2 0 . 2  4 . 0  1 8 . 8  2 0  
1 2  7 . 4  2 0 . 2  3 . 9  19 . 0  2 0  
1 3  7 . 2  1 9 . 8  4 . 0  19 . 2  2 0  
1 4  7 . 2  19 . 6  4 . 2  19 . 2  2 2  
1 5  7 . 1  1 9 . 4  4 . 2  19 . 0  2 1  
1 6  7 . 2  1 9 . 2  4 . 4  19 . 0  2 0  
1 7  7 . 4  19 . 2  4 . 2  19 . 2  2 0  
1 5 6  
Sa l inity Leve l 2 0  ppt 
Number pH water D . O .  Cond o Turb . 
o f  weeks temp . o C  ppt m mohs / em ppm 
0 1  7 . 2  2 9 . 6  4 . 6  3 4 . 0  2 4  
0 2  7 . 2  2 9 . 4  4 . 4  3 3 . 8  2 6  
0 3  7 . 4  2 9 . 2  4 . 4  3 4 . 0  2 5  
0 4  7 . 4  2 9 . 0  4 . 2  3 4 . 0  2 6  
0 5  7 . 2  2 8 . 4  4 . 2  3 4 . 2  2 4  
0 6  7 . 2  2 6 . 0  4 . 0  3 4 . 0  2 2  
0 7  7 . 1  2 3 . 8  4 . 2  3 5 . 0  2 4  
0 8  7 . 4  2 2 . 8  4 . 4  3 6 . 0  2 2  
0 9  7 . 2  2 2 . 0  4 . 4  3 6 . 2  2 0  
1 0  7 . 4  2 2 . 0  4 . 2  3 6 . 8  1 8  
1 1  7 . 4  2 0 . 0  3 . 9  3 7 . 2  2 0  
1 2  7 . 4  2 0 . 2  4 . 0  3 8 . 0  2 2  
1 3  7 . 2  1 9 . 6  4 . 0  3 8 . 0  2 4  
14  7 . 4  1 9 . 8  4 . 0  3 8 . 2  2 6  
1 5  7 . 2  1 9 . 4  4 . 2  3 8 . 2  2 4  
1 6  7 . 4  19 . 4  4 . 2  3 8 . 4  2 2  
1 7  7 . 4  1 9 . 2  4 . 2  3 8 . 2  2 4  
1 57 
S a l i n ity Level 40 ppt 
Number pH Water D . O .  Cond o Turb . 
of weeks temp . o C  ppt m mohs / cm ppm 
0 1  7 . 4  2 9 . 6  4 . 5  6 2 . 2  4 4  
0 2  7 . 4  2 9 . 4  4 . 6  6 2 . 2  4 2  
0 3  7 . 6  2 9 . 0  4 . 6  6 2 . 4  4 4  
0 4  7 . 4  2 8 . 8  4 . 4  6 2 . 6  4 6  
0 5  7 . 5  2 8 . 4  4 . 2  62 . 4  4 2  
0 6  7 . 4  2 5 . 0  4 . 0  6 2 . 4  4 0  
07  7 . 2  2 3 . 4  4 . 2  6 2 . 2  3 8  
0 8  7 . 5  2 2 . 2  4 . 4  62 . 4  4 0  
0 9  7 . 2  2 2 . 0  4 . 0  6 2 . 2  4 0  
1 0  7 . 4  2 1 . 6  3 . 8  6 2 . 4  3 8  
1 1  7 . 2  2 0 . 0  4 . 0  6 2 . 0  4 0  
1 2  7 . 4  2 0 . 0  3 . 9  6 1 . 8  3 8  
1 3  7 . 2  1 9 . 8  3 . 8  6 2 . 2  3 9  
1 4  7 . 4  19 . 8  4 . 0  6 1 . 6  3 9  
1 5  7 . 2  19 . 6  4 . 2  6 2 . 0  3 8  
1 6  7 . 4  19 . 6  3 . 8  62 . 2  4 0  
1 7  7 . 4  1 9 . 2  4 . 0  6 2 . 2  4 2  
1 5 8  
S a l i nity Leve l 6 0  ppt 
Number pH Water D . O .  Cond o Turb . 
of weeks temp . o C ppt m mohs / cm ppm 
0 1  7 . 4  2 9 . 6  4 . 5  6 2 . 6  4 2  
0 2  7 . 5  2 9 . 6  4 . 5  6 2 . 8  4 6  
0 3  7 . 6  2 9 . 2  4 . 4  6 3 . 0  4 4  
0 4  7 . 5  2 9 . 0  4 . 2  6 3 . 2  4 8  
05 7 . 5  2 8 . 8  4 . 0  6 3 . 0  4 4  
0 6  7 . 4  2 5 . 4  4 . 0  6 3 . 2  4 2  
0 7  7 . 3  2 3 . 4  4 . 2  62 . 8  4 6  
08 7 . 5  2 2 . 4  4 . 2  6 3 . 0  4 8  
09 7 . 4  2 2 . 0  3 . 8  6 2 . 8  4 4  
1 0  7 . 5  2 2 . 0  3 . 9  6 3 . 0  4 2  
1 1  7 . 4  2 0 . 2  3 . 8  62 . 8  4 4  
1 2  7 . 6  2 0 . 0  3 . 8  62 . 6  4 6  
1 3  7 . 4  1 9 . 8  3 . 6  6 2 . 6  4 2  
1 4  7 . 5  2 0 . 0  3 . 8  6 1 . 2  4 4  
1 5  7 . 4  19 . 8  4 . 0  6 2 . 6  4 4  
1 6  7 . 6  1 9 . 6  3 . 8  6 2 . 8  4 2 
1 7  7 . 8  1 9 . 8  3 . 8  6 2 . 8  4 4  
1 5 9  
Sal inity Level 8 0  ppt 
Number pH Water D . O .  Cond o Turb . 
of weeks temp . o C  ppt m moh s / cm ppm 
0 1  7 . 4  2 9 . 6  4 . 2  6 3 . 4  4 8  
0 2  7 . 6  2 9 . 8  4 . 4  64 . 0  5 0  
0 3  7 . 6  2 9 . 2  4 . 2  6 4 . 2  5 2  
0 4  7 . 5  2 9 . 2  4 . 2  6 4 . 4  5 0  
0 5  7 . 6  2 9 . 0  3 . 8  6 4 . 2  4 8  
0 6  7 . 5  2 5 . 6  3 . 9  6 4 . 4  4 6  
07  7 . 4  2 3 . 6  4 . 0  64 . 0  4 8  
0 8  7 . 6  2 2 . 6  4 . 2  6 4 . 4  4 8  
0 9  7 . 5  2 2 . 2  3 . 8  6 5 . 2  4 6  
1 0  7 . 5  2 2 . 2  3 . 6  6 5 . 4  4 6  
1 1  7 . 6  2 0 . 2  3 . 6  6 5 . 2  4 8  
1 2  7 . 8  2 0 . 2  3 . 8  6 5 . 0  5 0  
1 3  7 . 6  19 . 8  3 . 4  6 3 . 4  4 4  
1 4  7 . 6  2 0 . 2  3 . 8  6 3 . 0  4 6  
1 5  7 . 8  1 9 . 8  4 . 1  63 . 2  4 8  
1 6  7 . 9  1 9 . 6  3 . 8  6 3 . 6  4 6  
1 7  7 . 8  1 9 . 8  3 . 6  6 3 . 4  4 8  
1 6 0  
S a l i nity Level 1 0 0  ppt 
Number pH Water D . O .  Cond o Tur b .  
o f  weeks temp . o C  ppt m moh s / cm ppm 
0 1  7 . 8  2 9 . 8  4 . 2  6 4 . 6  5 4  
0 2  7 . 8  2 9 . 8  4 . 2  6 5 . 0  5 6  
0 3  7 . 9  2 9 . 4  4 . 0  6 5 . 2  5 6  
0 4  7 . 6  2 9 . 2  4 . 0  6 5 . 4  5 0  
0 5  7 . 8  2 9 . 0  3 . 8  6 5 . 2  4 9  
0 6  7 . 6  2 5 . 8  3 . 8  6 5 . 4  5 0  
0 7  7 . 8  2 3 . 6  4 . 0  6 5 . 2  5 0  
08 8 . 1  2 2 . 4  4 . 2  6 5 . 6  5 2  
0 9  7 . 6  2 2 . 0  3 . 9  66 . 2  5 0  
1 0  7 . 8  2 2 . 2  3 . 6  66 . 4  5 2  
1 1  7 . 8  2 0 . 4  3 . 4  6 6 . 0  52  
1 2  8 . 0  2 0 . 2  3 . 6  66 . 0  5 2  
1 3  7 . 8  1 9 . 8  3 . 4  6 4 . 8  5 2  
1 4  7 . 8  2 0 . 2  3 . 6  6 4 . 2  5 0  
1 5  7 . 8  2 0 . 0  4 . 0  6 4 . 4  5 2  
1 6  8 . 1  1 9 . 8  3 . 9  64 . 6  4 6  
1 7  8 . 2  2 0 . 0  3 . 6  6 4 . 4  5 4  
1 6 1  




1 0 - 1 0 - 1 9 9 2  
2 8 - 1 0 - 1 9 9 2  
1 9 - 1 1 - 1 9 9 2  
2 0 - 1 2 - 1 9 9 2  
di stances ( m )  from sea water l ine o n  the s l oping 
beach and coasta l water in experiment No . 5 and 6 , 
A water temperature ( O C ) , B = sa l in i ty ( ppt)  , 
C d issolved oxygen ( ppm) , D = pH , E= conduct ivity 
( Ms / cm) , F = turbidi ty ( ppm ) . 
We l l  
No . 1  No . 2  No . 3  No . 4  No . 5  No . 6  No . 7  Coastal 
Om 1 .  5m 3m 4 . 5m 6m 7 . 5m 9m water 
A 2 8 . 7  2 9 . 2  2 9 . 8  3 0 . 5 3 1 . 1  3 1 . 4  3 1 . 4  2 8 . 5  
B 4 2 . 0  5 0 . 0  55 . 0  6 5 . 0  7 5 . 0  7 8 . 0  8 0 . 0  4 0 . 8  
C 3 . 8  3 . 0  3 . 4  3 . 7  3 . 0  3 . 2  3 . 2  4 . 0  
D 7 . 5  7 . 6  7 . 4  7 . 5  7 . 5  7 . 4  7 . 5  7 . 4  
E 5 9 . 1  6 0 . 2  6 0 . 7  62 . 3  6 3 . 7  6 3 . 8  6 4 . 0  59 . 0  
F 1 4 . 0  1 0 . 0  1 6 . 0  2 4 . 0  1 9 . 0  2 0 . 0  2 1 . 0  18 . 0  
A 2 7 . 0  2 7 . 7  2 8 . 5  2 9 . 3  3 0 . 1 3 1 . 0  3 1 . 3  2 8 . 0  
B 4 2 . 0  4 5 . 0  4 8 . 0  5 5 . 0  6 2 . 0  7 0 . 0  7 0 . 0 4 0 . 0  
C 3 . 0  3 . 2  3 . 5  4 . 0  3 . 8  4 . 0  4 . 0  3 . 8  
D 7 . 2  7 . 1  7 . 2  7 . 2  7 . 2  7 . 2  7 . 2  7 . 4  
E 5 8 . 0  5 9 . 6  5 9 . 6  6 2 . 9  6 3 . 2  6 3 . 7  6 4 . 0  5 8 . 4  
F 2 . 0  1 . 0  4 . 0  2 . 0  3 . 0  4 . 0  4 . 0  4 . 0  
A 2 3 . 9  2 4 . 3  2 4 . 9  2 6 . 0  2 6 . 9  2 7 . 8  2 7 . 9  2 4 . 5  
B 4 0 . 0  4 2 . 0  4 2 . 0  4 8 . 0  5 4 . 0  63 . 0  6 8 . 0  4 0 . 0  
C 4 . 2  4 . 1  4 . 0  3 . 8  3 . 6  3 . 8  3 . 8  4 . 4  
D 7 . 6  7 . 6  7 . 6  7 . 6  7 . 5  7 . 5  7 . 5  7 . 6  
E 5 6 . 8  5 7 . 8  58 . 3  59 . 8  6 3 . 0  6 3 . 7  6 4 . 0  5 7 . 0  
F 5 . 0  4 . 0  4 . 0  1 . 0  1 . 0  2 . 0  4 . 0  2 . 0  
A 2 0 . 2  2 0 . 7  2 0 . 9  2 2 . 2  2 3 . 5  2 4 . 7  2 5 . 0  2 1 . 7  
B 3 9 . 0  3 9 . 0  4 0 . 0  5 0 . 0  5 8 . 0  6 0 . 0  6 5 . 0  4 0 . 0  
C 4 . 2  4 . 2  4 . 1  4 . 0  4 . 1  4 . 1  4 . 2  4 . 5  
D 7 . 6  7 . 6  7 . 7  7 . 7  7 . 7  7 . 7  7 . 7  7 . 6  
E 5 3 . 9  54 . 6  5 5 . 9  5 8 . 7  6 1 . 2  6 3 . 5  6 4 . 0  5 6 . 3  
F 9 . 0  4 . 0  4 . 0  1 . 0  1 . 0  2 . 0  4 . 0  2 . 0  
1 6 2  
Appendi x  V cont . 
Date of We l l  
of No . 1  No . 2  No . 3  No . 4  No . 5  N o . 6 No . 7  Coastal 
observation Om 1 . 5m 3m 4 . 5m 6m 7 . 5m 9m water 
A 1 6 . 9  1 7 . 0  1 7 . 4  18 . 3  1 9 . 0  1 9 . 5  2 0 . 6  1 7 . 0  
B 4 1 .  0 4 1 . 0  4 2 . 0  5 1 .  0 6 0 . 0  6 8 . 0  8 0 . 0  4 0 . 0  
C 4 . 5  4 . 4  4 . 5  4 . 2  4 . 0  4 . 3  4 . 4  4 . 5  
2 5 - 0 1 - 1 9 9 3  D 7 . 8  7 . 8  7 . 9  7 . 9  8 . 0  7 . 9  7 . 7  7 . 9  
E 5 1 .  4 5 1 . 5  5 1 . 5  5 1 . 8  5 6 . 4  5 9 . 6  6 3 . 2  5 1 .  6 
F 5 . 0  5 . 0  5 . 0  4 . 0 5 . 0  5 . 0  5 . 0  3 . 0  
A 2 0 . 2  2 0 . 2  2 0 . 1  19 . 8  2 0 . 0  2 0 . 7  2 1 . 8  2 1 . 8  
B 4 0 . 0  3 8 . 0  3 5 . 0  4 8 . 0  5 8 . 0  7 8 . 0  8 4 . 0  4 0 . 0  
C 4 . 4  4 . 5  3 . 8  3 . 7  3 . 5  3 . 5  3 . 8  4 . 0  
2 0 - 0 2 - 1 9 9 3  D 7 . 8  7 . 8  7 . 6  7 . 9  8 . 0  7 . 9  7 . 8  7 . 9  
E 5 3 . 6  5 2 . 2  4 9 . 7  5 0 . 0  5 1 .  0 5 1 . 8  5 8 . 4  5 4 . 7  
F 2 8 . 0  2 8 . 0  2 5 . 0  2 4 . 0  2 1 .  0 1 8 . 0  2 0 . 0  2 4 . 0  
A 2 4 . 0  2 3 . 6  2 2 . 2  2 2 . 2  2 2 . 2  2 2 . 4  2 2 . 8  2 4 . 0  
B 4 0 . 0  4 0 . 0  4 2 . 0  4 8 . 0  52 . 0  60 . 0  7 0 . 0 4 0 . 0  
C 4 . 2  4 . 1  4 . 1  4 . 0  3 . 9  3 . 9  3 . 8  4 . 2  
2 9 - 0 3 - 1 9 9 3  D 7 . 9  7 . 9  7 . 9  7 . 9  7 . 9  8 . 0  8 . 0  7 . 9  
E 5 5 . 8  5 5 . 5  5 5 . 5  5 5 . 5  5 6 . 5  5 5 . 4  5 4 . 8  5 6 . 0  
F 1 0 . 0  2 0 . 0  2 0 . 0  18 . 0  1 6 . 0  1 7 . 0  1 7 . 0  1 7 . 0  
A 2 9 . 5  3 0 . 5  3 0 . 7  3 1 . 2  3 1 .  3 3 1 . 1  3 1 . 6  3 0 . 7  
B 4 3 . 0  4 4 . 0  4 5 . 0  4 9 . 0  5 9 . 0  5 9 . 0  6 2 . 0  4 0 . 0  
C 4 . 0  3 . 8  3 . 2  3 . 0  3 . 1  3 . 2  3 . 5  4 . 0  
1 3 - 0 6 - 1 9 9 3  D 7 . 0  6 . 9  7 . 0  7 . 2  7 . 3  7 . 4  7 . 4  7 . 1  
E 5 9 . 7  6 0 . 0  6 0 . 9  6 2 . 0  6 2 . 1  6 2 . 0  6 2 . 1  5 9 . 1  
F 1 5 . 0  1 4 . 0  1 5 . 0  1 1 .  0 6 . 0  4 . 0  1 5 . 0  1 5 . 0  
A 3 2 . 8  3 2 . 8  3 3 . 0  3 3 . 6  3 4 . 4  3 4 . 4  3 4 . 2  3 2 . 9  
B 4 4 . 0  4 5 . 0  4 6 . 0  5 0 . 0  62 . 0  62 . 0  7 0 . 0  4 1 . 0  
C 4 . 0  3 . 8  3 . 6  3 . 4  3 . 4  3 . 0  2 . 8  4 . 0  
2 1 - 08 - 1 9 9 3  0 7 . 2  7 . 2  7 . 1  7 . 1  7 . 2  7 . 6  7 . 7  7 . 9  
E 60 . 1  60 . 8  6 1 . 3  6 1 . 2  6 2 . 2  6 2 . 2  6 2 . 9  5 9 . 9  
F 1 4 . 0  1 2 . 0  14 . 0  1 2 . 0  1 7 . 0  1 6 . 0  1 3 . 0  1 3 . 0  
A 3 0 . 4  3 1 . 4  3 1 . 8  3 2 . 4  3 3 . 4  3 3 . 8  3 3 . 8  3 0 . 4  
B 3 8 . 0  3 8 . 0  3 8 . 0  4 3 . 0  5 0 . 0  5 5 . 0  7 3 . 0  3 8 . 0  
C 3 . 8  3 . 8 3 . 6  3 . 4  3 . 2  3 . 0  3 . 0  3 . 8  
2 6 - 0 9 - 1 9 9 3  D 7 . 2  7 . 0  7 . 1  7 . 2  7 . 4  7 . 4  7 . 4  7 . 2  
E 60 . 0  60 . 2  60 . 2  6 1 .  0 6 1 . 8  6 2 . 0  6 2 . 6  5 1 . 8  
F 1 2 . 0  1 0 . 0  1 1 . 0  10 . 0  1 0 . 0  8 . 0  6 . 0 12 . 0  
1 6 3  
App ndix VI  Plates 1 to 27. 
Plat 1 .  G ray m ang rove ( A .  manna) t rees f low T m Jun m 
U nited A rab E m i rat s. 
Plate 2. Seeds of m ang rove ar  avai lable dur ing S ptember and 
October m U m  ed A rab Em i rat es. 
1 65 
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Plate 3. Mangrove seeds f rom U m m  
length o f  3.2 e m ,  average 
weight 7.2 g. 
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A I Qai wain having an averag e 
width 2.7 em and average 
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Plate 4. M angrove seeds i nfested w i th  pest fai l to emerge. 
1 67 
Plate 5. Mangrove s cis whIch w r soaked In  sal init ies greater 
t han 40 ppt t urned thei r colour to black and fai led to 
shed t hei r seed coat. 
1 68 
Plate 6. D i f ferent stages of mang rove seed emergence. 
1 69 
Plate 7. M angrove growth studies under outdoor shaded condit ions 
( 1 9  :!: 1°C to 28 + 4 °c ) were conduct d US1 0g four 
repl icates ror each sal i ni t y  level and five s edl ings 1 0  
each repl icate and suppli  d w i t h  aerat ion 1 0  exp n m  nt 
No. 4 .  
1 70 
Plate 8. The g rowth of mang rove 
( equal or  sal in i ty  levels  
h igher sal in i ty  
N o. 4 .  
levels  the 
seedl i ngs was bet ter  m lower 
less t han 40 ppt ) whi le  m 
growth was poor m experi ment 
1 71  
Plate 9. Mang rove seedl i ngs 
longer roots and 
g rown 
better  
I n  lower 
g rowth. 
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sal i n i t y  levels had 
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Plate 1 0. Mangrove seedl ing g rowth was low at di f ferent sal in i ty  
levels  under low tempe rature condit ions ( 1 9 :!:. 1 °C )  i n  
exper iment No. 3. 
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Plate 1 L H i gh g rowth in  m ang rove seedl ing was observed under 
outdoor shaded condit i ons i n  experi ment No. 4 .  
1 74 
Plate 1 2. SoWIng the mang rove seeds on 23 t ransects star t ing 
f rom the seawate r  l in  upwa rds on the f lat beach 
near th Mari ne Resou rces es arch Cent r , U m m  
A l  Qaiwai n  i n  experi m nt No. 7 . 
1 7 5 
Plate 1 3. M ang rove seedl ing growth st udi s on a sloping beach In  
experi ment No.  5 & 6.  Wel ls  were dug at  1 . S  meter 
interval along the slope of the beach to measure t he 
water  table depth and the g round water parameters. 
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Plate 1 4. A bout t wo year  old mangrove seedl i ng grown m the 
f ield showing the g rowth of pneumatophores and t he 
roots. 
1 77 
Pl�WS f GII Fm 
I MEHR 
t>lST�HC ( 
Plate 1 5. On year  old mangrove s edlings sho wed dee r as d 
g rowth w i th  t h  1 0  r as of  th  distan e f rom t h  
seawat r i me in  expe n m  nt No. 7 .  
1 78 
Plate 1 6. Measurements of mangrove seedl ings were done at 
di f fe rent stages of t he exper iments. 
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Plate 1 7. Pneumatophores emerge f rom the roots of  t he mang rove 
t ree. 
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Plate 1 8. Mangrove areas are good nursery g rounds for 
f ish specles. One such locat ion near the 
eff luen of Manne Resourc s Research eent r 
U m m  A I  Qal wam. 
1 8 1 
many 
aquacul t u r  
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Plate 1 9. Mang rove forests I n  K hor Kal ba. 
m angrov eXIst t h  r ( abanal et 
1 82 
A bout 1 50 hectares of 
al 1 978). 
Plate 20. Mangrove forests I n  A I  Rams ( Ras A l  K hai m ah).  
A bout 20 hect ares of mangrove was reported i n  
th is  area ( Rabanal et a l  1 978). 
183  
Plate 2 1 .  M ang rove forest i n  Ras A l  K hai mah. A bout 40 hectares 
of m ang rove was report ed (Rabanal et al 1 978). 
1 84 
Plate 22. A Mangrove t ree In U m m  A l  
showing pneumatophores at low 
Qaiwain l agoon a rea 
t i de. A bout 200 
hectares of m angrove area was reported in U m m  A I  
Qaiwain ( Rabanal e t  a l  1 978). 
1 85 
Plat e 23. M ang rove 
eff luent 
t rees cul t ivated 
of 
f rom which 
experi  ments . 
aquaculture 




1 985 by seeds near the 
1 0  U m m  A l  Qai wain 
ds were col lected for 
Plate 24. M ang rove forests III A l  Heel island ( Abu Dhabi ). 
1 87 
Plate 25.  M angroves of Sadiyat island m Abu Dhabi. About 
2500 hectares of mangrove a rea was reported m 
A bu Dhabi reglOn ( Rabanal et al 1 978). 
1 88 
Plate 26. M angroves in  Ad Dabiyyah south  west of Abu Dhabi. 
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Plate 27. Mang roves In  Abu A l  Abyad island ( A bu Dhabi ). 
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